Electronic Supplementary Material (ESI) for Reaction Chemistry & Engineering.
This journal is © The Royal Society of Chemistry 2023

Supporting Information

Automated Multistep Synthesis of 2-Pyrazolines in

Continuous Flow

Ricardo Labes,®* Julio C. Pastre,"®" Richard J. Ingham,*$ Claudio Battilocchio,*' Henrique M. Marcon,”

Mariana C.F.C.B. Damifo,’ Duc N. Tran,** and Steven V. Ley™

a-Yusuf Hamied Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge, CB2 1EW, UK. E-mail:
svl1000@cam.ac.uk

b Institute of Chemistry, University of Campinas (UNICAMP), 13083-970, Campinas, SP, Brazil. E-mail: jpastre@unicamp.br.

FCurrent address: Syngenta, Jealott’s Hill International Research Centre, Bracknell, UK.

§Current address: Single Technologies AB, Sankt Eriksgatan 48F, 112 34 Stockholm, Sweden.

qICurrent address: Syngenta Crop Protection, Schaffhauserstrasse, Stein, CH-4332, Switzerland.

#Current address: Janssen Pharmaceutica NV, Turnhoutseweg 30, B-2340, Beerse, Belgium.

General experimental section S2
General procedure for the activation of the

MnO; column 5
Pumping a solution of hydrazine in THF S3
Reservoir implementation S4
Webcam colorimeter S5
General procedure for the synthesis of 2-

pyrazolines 5
Characterization of the isolated compounds S6
NMR Spectra for isolated compounds S13

References S53



General experimental details

General methods: Reagents were obtained from commercial sources and used without purification.
Solvents used in this work were HPLC grade and used without purification. Triethylamine was dried
with calcium hydride, distilled, and stored under argon with molecular sieves (4 A). The removal of
solvent under reduced pressure was carried out on a standard rotary evaporator. All the olefins are
commercially available and were used as without further purification. Activated MnO, was purchased
from Sigma-Aldrich (prod. number 217646). Hydrazones were synthesized following methods
previously reported.!!! 2-furoyl hydrazone readily dimerized. To avoid dimers formation the hydrazone
was prepared and its solvent evaporated with the rotatory evaporator’s bath at room temperature. Excess
solvent and hydrazine were removed on a high vacuum pump for 6 hours. The crude was stored
overnight in a freezer and diluted with THF:MeOH 90:10 to 0.5 mol L—1 before being used. Unless
otherwise stated, all the flow reactions were performed using a Vapourtec R-series platform. In-line IR

spectroscopy was performed using the Mettler Toledo FlowIR® device.

Chromatography: Analytical thin-layer chromatography (TLC) was carried out on pre-coated glass
plates (silica gel 60 Fas4) from Merck. Compound spots were visualised under ultraviolet (UV) light
(254 nm) and using ninhydrin or KMnOj stain solutions. Purification of the products were performed
on SiliCycle SiliaSep™ 40-63mm 60 A flash cartridges using an automated Biotage™ flash
chromatography coupled with UV detector at 254 nm.

NMR spectroscopy: '"H-NMR and *C-NMR spectra were recorded on a Bruker DPX-250 spectrometer
or Bruker Avance III 500 MHz spectrometer with the residual solvent peak as the internal reference
(CDCl3 = 7.26 ppm, ds-DMSO = 2.50 ppm, CD;0OD = 3.31 ppm). 'H resonances are reported to the
nearest 0.01 ppm. “C-NMR spectra were recorded on a Bruker DPX-250 spectrometer or Bruker
Avance III 500 MHz spectrometer with the central resonance of the solvent peak as the internal
reference (CDCls = 77.16 ppm, ds- DMSO = 39.52 ppm, CD3;0D = 49.00 ppm). All '*C resonances are
reported to the nearest 0.1 ppm. The multiplicity of 'H signals are indicated as: s = singlet, d = doublet,
dd = doublet of doublet, ddd = doublet of doublet of doublet, t = triplet, q = quadruplet, quint = quintet,
sext = sextet, m = multiplet, br = broad, or combinations of thereof. Coupling constants (J) are quoted
in Hz and reported to the nearest 0.1 Hz. Where appropriate, averages of the signals from peaks
displaying multiplicity were used to calculate the value of the coupling constant. It was noted that some
of the compounds were not completely stable when in CDCls solution. That was observed when storing

at 4°C overnight even after prior base washing of the CDCls.

High-resolution mass spectrometry (HRMS) High-resolution mass spectra were recorded on a
Synapt mass spectrometer. The injection was performed by direct infusion using 15-30 V sampling
cone, 3.5 kV capillarity, 4.0 V extraction cone, 120 °C source temperature, 175 °C desolvation

temperature, with 1.0 min acquisition time with scans of 1.0 second and interscan time of 0.02 s.
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Unless otherwise stated, reported mass correspond to the parent molecular ion associated with a proton

[M-+H]" or a sodium cation [M+Na]" (*Na isotope). All m/z values are reported to four decimal places.

General procedure for the activation of the MnO? column

A glass column (Omnifit® column, 6.6 mm i.d. x 100 mm length) was packed with 3 g of activated
MnO; (Sigma-Aldrich 217646) between pads of celite (~10 mm each). A solution of THF/EtsN/MeOH
70:20:10 (v/viv), 32 mL was passed through the column at a flow rate of 0.5 mL/min followed by a
mixture of THF/MeOH 9:1 (3 mL).

Pumping a solution of hydrazine in THF

An initial problem was identified when the hydrazine solution was pumped continuously through the
double reciprocating piston pumps (Vapourtec R-series). After a short period of operation, the
performance of the pump was compromised owing to hydrazine reacting with the polymeric secondary
seals of the pump, which produces particulates that sequentially caused the check valves to malfunction.
Figure S1 shows secondary seals that have been exposed overnight to a hydrazine solution in THF (2
mol/L). Removal of these secondary seals from the hydrazine pump and inclusion of 10% methanol in
the stock solution however prevented such blockages. This modification did not affect the operation of

the pumps. Furthermore, in order to keep the primary seal clean, the back of the pump was flushed with

solvent periodically using the flushing ports.

Figure S1: Left: Pump secondary seal exposed overnight to a solution of hydrazine in THF (1 mol/L). Right:
Pump secondary seal exposed overnight to THF.

S3



General procedure for the synthesis of 2-pyrazolines
A 1 mL sample loop was loaded with a solution containing a 0.5 M solution of the hydrazone in

THF/MeOH 90:10 (v/v). The reaction mixture was pumped with THF/MeOH 90:10 (v/v) at a flow rate
of 0.5 mL/min, through an activated column containing MnO, (see above) at room temperature.
Formation of the diazo was observed as the appearance of an intense reddish solution. The diazo was
collected in a vial under inert atmosphere and at 0 °C. To this diazo mixture was added a solution
containing the olefin (1.2 eq., 0.6 mmol) and the reaction was stirred for 2 hours at room temperature.

Up to 5 injections were done using the same column.

The crude reaction mixture was concentrated under reduced pressure, and it was purified by column
chromatography (hexanes/EtOAc 5-100%).

Reservoir implementation

The reservoir utilised in this work was custom built in double jacketed glass, with connections
compatible with the Vapourtec R-series module, where the temperature could be controlled to -5 °C

and kept under nitrogen atmosphere (Figure S2).

NHNH2 0.5 mL/min

v O wmogsa || | F{i0esi -G waste

FlowlR 1
Reservoir
OMe under N,
0.1 M in THF/MeOH 9:1 -5C
<—| 100 psi | ﬂ \ solvent
FlowlR 2 selection
valve

Figure S2: Left) MnO; column and custom-built reservoir. Right) Equipment setup for the evaluation of the

reservoir storing the diazo compound solution.
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To evaluate the stability of the solution containing the diazo compound a system was setup with 2
FlowIR units (Figure S2). In this setup a solution of a hydrazone was pumped through a column
containing MnO2 to generate the respective diazo compounds, which was directed to the reservoir at -
5°C and under nitrogen atmosphere. Once a reasonable volume of the solution was collected, it was
pumped from the reservoir through a second FlowIR unit, while switching between solvent and solution.
This aimed to evaluate if the solution could be split between different coupling partners. Both FlowIR

units were following the IR signal at 2070 cm™', which corresponds to the diazo functional group (Figure
S3).

FlowIR 1 FlowlIR 2 - Alternating solution from
reservoir and solvent

(1]

Fraction
collected
into

reservoir

at 2070 cm-1

Yeak Height (A.U.]

R

52 104 16 208 260 312 34 416 468 50 52 64 676

Sample Number

Figure S3: IR signal at 2070 cm™! during production of diazo solution and pumping it from the reservoir.

Webcam colorimeter

A colorimeter was therefore constructed by wrapping a clear PFA tubing around a white cylinder. A
3D printed part led to a small improvement, having walls to allow two layers of tubing in the coil which
intensified the colour. A USB webcam was focused on the coiled tubing, and image processing
functionality within the Octopus software was used to generate a measurement of the amount of diazo
present. Two separate tubing-colorimeters were monitored using a single camera image. The tubing
coils were clamped in position so that their positions within the image did not change during the process.
To generate a numerical value, the following computation was carried out: First the area of interest for
a particular coil was selected from the image using a crop function. Then the Euclidian colour distance
of each pixel from yellow was calculated to give a grayscale image. After passing through an invert

function, this produces a grayscale image which is brighter when more diazo species is present.

A numerical value was then generated by taking the mean intensity of each pixel in this processed
image. This calculated data had a reasonably high degree of noise from the camera; after some

optimisation it was found that taking the average value of a 45 second rolling window, the signal was
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smoothed to a satisfactory level. Finally, the rate at which the 'diazo intensity' variable was updated was
limited to once every 5 seconds. This was useful to reduce the frequency at which the flow rate was
changed for any pumps that were controlled based on this signal.

When compared to an IR measurement taken at the same point in the system, we were pleased to find
that although the colorimeter had a much lower sensitivity than the IR spectrometer, it produced the

same signal profile, so we were confident that this could be used to trigger actions within the control
protocol.

Comparison of optical and FlowIR detection

60 —— Diazo

Aldehyde
40+
/Mﬁhl\ Fk M\r——r—-\

—_—

FlowIR detection /mal

Experiment time /h

70
—— Diazo (smoothed)
65 ~—— Diazo (raw)

60

55

50

Optical detection /%

45+

40

T T T T T T T
0.5 1 1.5 2 2.5 3 3.5

Experiment time /h

Iterative development of the two-step automated reaction system

In this section, three iterations of process development for the automated two-step reaction are
described, to illustrate the application of the Blocktopus GUI for implementing the control system.

Control of a two-stage experiment
Instruments
e First Vapourtec R2+/R4 system (r2_lhs) providing:
o Pump for aldehyde, with low-pressure reagent/solvent selector valve (r2_lhs > Pump
A)
o Pump for hydrazine, with low-pressure reagent/solvent selector valve (r2_lhs > Pump
B)
Reactor coil for aldehyde/hydrazine incubation (r2_lhs » Heater A)
Reactor column with MnO; (r2_lhs » Heater B)
o Reactor coil for diazo/olefin incubation (r2_lhs » Heater C)
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o High-pressure valve for hydrazine direction to waste/second stage (r2_lhs > Loop B)
o Low-pressure collection/waste valve (r2_lhs » Output)
Second Vapourtec R2+/R4 system (r2_rhs) providing:
o Pump for solvent (r2_rhs > Pump A)
o Pump for olefin (r2_rhs » Pump B)
Microsoft LifeCam Cinema webcam (camera) observing both colorimetry coils.
Mettler-Toledo FlowIR detector (ir), initially not used in the control protocol.

r2_lhs » Pump A 10"/ MeOH r2_lhs - Heater A After set period of time,
(inject when value is over threshold, otherwise waste) r2_rhs » LOOP B
H — >< —— ¥
MeO

D
g
E 0.5 mbimin @mH MnO; I— / 75 psi —-v waste
_g N;H,*,« p— 70C Camera If valve is injecting, set to (100 - pump B
w 0.5 mL/min i gtl:;'rwse set to 1100
r2_lhs * Pump B THF r2_lhs » Heater B
o :JN? cogr ~—E—fmmi [ I HIH—{ee 7O p——
g MeO™ ™ ‘ j/ 1 Camera ReactiR 60C ‘ \g
3 !
L] L If valve is injecting, set to (100 * fgclor -
§ soes nionshy over a trasnold Ghorwise, setto0, o el
1]
(72}
r2_lhs » Heater C
Protocol
Setup
1. Configure the instruments (the FlowlIR is not used in the control protocol for this experiment).
2. Split the image from the single camera into two separate variables:
a. Separately crop the image into two regions of interest;
b. Extract the “yellowness” of each;
c. Calculate their mean intensities (the image is 8-bit, so this is a value from 0-255);
d. Take the mean value over a 45 second rolling window, so smooth out noise;
e. Store the result in numeric variables (colour intensity lhs, colour intensity rhs).
A new image is read from the camera every 1 second, and the variables are updated with
each new image.
First stage
3. Set the reactor flow rates and heater temperatures.
4. Wiait at least 5 minutes, and then until the heater at 70C (Heater A) is at the desired temperature.
5. Inject the reagents for 64 min;
6. Then flush the first half of the system with solvent for 20 min;
7. Then turn off heater A and heater B.

Second stage

8.
9.

10.

11.

Allows 15 min for the reagents to pass through the heater and the MnO2 column.

Wait for the detection of the first colorimeter to reach a set threshold (95 units; empirically
determined),

Direct the intermediate through to the second half of the system whenever the first colorimeter
reading is above a threshold of 90 units (empirically determined)

Until this reading drops below another threshold (88 units; empirically determined) consistently
for 10 min,
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12. at which point the second half of the system is flushed with solvent (r2_rhs > Pump A) for 15

min,
13. and then the reactors are turned off.

During the second stage
14. The second set of reagents are injected whenever the intermediate is being collected.

15. The flow rate of the pump injecting the second reagent is varied to match the amount of

intermediate present (by an empirically determined factor)
16. The flow rate of make-up solvent is adjusted as well, to keep the total flow rate constant.
17. The output is directed to collection as long as the second colorimeter is detecting over a

threshold value of 35 units (empirically determined).

Blocktopus control script

initialise global [ | invert Colour distance of Crop
LA 190 i 75 ]

Set-up

initialise global | hs invert | Colour distance of | Crop
(& 400 §'4 170

from colour

L | colour intensity ths [N Average of - | Calculate [[IELES ntensity | g

over [E5) seconds

n {2 _Ihs » Pressure imit - L0
Bl 2 s + Pump B - Target - LM 50
Bl 12 1hs - Heater A+ Target - 3
P12 hs - Heater B - Target - LRIN>
E2] 2 hs - Heater C - Target - 1
E2Y12_hs - Power - LINCT on B
Py 2_rhs » Power - L INGAL o0 K
Av;an'k’)ril rthmi{j s~

T2 e - Feater & - Temperature > - TR0
prnt (13 Injecting gents k2
T2 hs » Pump A » Input - LMK reagent B
2 Ths + Pump 8 - input - I reagent I3

First stage
B B

prnt

2 7] sovent 13

(< >
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L2 s - Pump B - input )| = - i reagenc
wat for | uhmm(_)s
T Y oo cobour mersiy s > - Jo0)
[+ run with controls
* " run with controls
C o)
over ({i1) seconds

-
with | bind (2 XY 1o | test

i true
if false

T s - Pump & - Taroet - LRI

LM s - Pump A - Taroet - Ll

Second stage

B2 s - Toop 8 - LMY oad I
gl rerhs » Pump A » Target * JJ
el r2_hs » Pump B » Target - FERII0]
Liaﬂov x]’unwmus
with | bind (7R to | test

if true
| if false

(13 off k24
“ h’:‘) »

After testing, this protocol was adjusted to constrain r2_rhs > Pump B > Target to have values only
between 0 and 100 uL/min.

ith P + Target - [ ———
wi bind [FAF] p B » Target ~ REHERTECE I' 2 Ihs ”.Jm.“m,,|

if true 1 cunstrami I
‘ é 14 (= -
U e coiou ensry e ) =n<:ma| o (@] (8|

ftalse (@]

Inclusion of FlowlIR data
With this observation of the FlowlR data under the conditions in hand, the protocol was adjusted to

include the IR data.

/ AN
CO,Et == v
Br Camera ReactiR 60C

waste
Collect whenever IR sees intensity over a

threshold, as long as camera 2 does not
see diazo intensity over a (different) threshold

Add a connection to the FlowlIR (ir) in the setup section (1). This required a separate script to be running
on the PC alongside the Mettler Toledo software, providing access to data from a CSV file exported by

the MT software at this IP address and port.

*| MT FlowlR ()

[ LI R (ol B0 192.168.127.10 2504 8124 |
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The product valve logic (17) was updated with the aim of increasing the purity of the product collected.
The pyrazoline was collected whenever a certain threshold was met in the IR detection (indicating the
presence of the pyrazoline C=0) but where the colorimetry detection was under another threshold
(indicating a lack of unreacted diazo intermediate)

=

with | bind [ EEXeNT kS to | test | | (RIP™Tir - product - | lll!l
d

| and - NESRP T o iobal output intensity - ||I’Ll)

The colorimetry processing logic (2) was also modified. Since the intensity value was being used to set
the flow rate of the pumps r2_rhs > Pump A and r2_rhs > Pump B, the fact the value of the variable
was changing every second meant that there were frequent pump speed changes, which reduced the
performance of the pump. By limiting the frequency at which the variable was updated, this was
avoided.

initialise global (LG EE ) to | Throttle | (BNeETUTEEY mean - K EVE WMERET global processed image Ihs - ||
over seconds

EUGEE 0N Maximum = RN

every [ seconds

Disappointingly the use of IR data did not lead to improved reliability of the reagent collection, so
control was reverted to the colorimetry data in the next iteration.

Addition of a column switcher

In a further modification with the intention of prolonging the duration of the experiment, a Vici Valco
column switching valve (column selector) was added, such that multiple columns of the MnO, reagent
could be used in sequence.

Residence in the second stage was extended by the addition of two extra reactor coils, and these were
moved to the second R2+/R4 so that heater slots on the first R2+/R4 instrument were available for extra
column reactors.

r2_lhs » Heater A column selector r2_lhs » Heater C

After set period of time,

After end of diazo peak,
I;": MeGOH switch to next column,
" el After last cclumn end experiment Bk .
. (inject when value is over threshold, otherwise waste) r2_rhs » Loop B
il ' :
% - ]
H— J v
3 i .
@ Br ' IR waste
- M)
2 NzH, _@@_( Camora i Ifvalve is injecting, set to (100 - pump
i i Brate)
0.5 mL/min i Otherwise, set to 1100,
r2_lhs » Pump B R i
10% MeOH THE
N=NH i m /—COsEl
@ CO,Et JL_\] )] / r2_rhs » Pump B
> ! THF
8 B Camera  ReactiR 60C 60C BOC :
r |
(2] H
-g waste If valve is injecting, set to (100 * factor
o Collect whenever IR sees intensity over a * (camera detection - camera
[*] threshold, as long as camera 2 does not baseline)).
3 see diazo intensity over a (different) threshold Otherwise, set to 0.

r2_lhs » Qutput r2_lhs » Heater A, B, D

When the colorimeter detected a fall in the concentration of diazo intermediate, it triggered a column
switch so that fresh MnO- could be used. The remainder of the control protocol could remain the same,
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since the controlled diazo selection valve (r2_lhs > Loop B) ensured that the intermediate was only
directed towards the second stage of the reactor whenever its concentration was sufficient for the
detection to be over the threshold.

Protocol
Setup
1. Configure the instruments (the FlowIR is not used in the control protocol for this experiment).
2. Split the image from the single camera into two separate variables:
a. Separately crop the image into two regions of interest;
Extract the “yellowness” of each;
Calculate their mean intensities (the image is 8-bit, so this is a value from 0-255);
Take the mean value over a 45 second rolling window, so smooth out noise;
Set the maximum refresh frequency to once per 5 seconds.
Store the result in numeric variables (colour intensity lhs, colour intensity rhs).
A new image is read from the camera every 1 second, and the variables are updated with
each new image.

-0 o0 T

First stage
3. Set the reactor flow rates and heater temperatures.
4. Wiait at least 10 minutes, and then until the heater at 70C (Heater A) is at the desired
temperature.
5. Inject the reagents. Reagent injection is now stopped by the column-switching logic.

Second set-up
6. Create a variable (diazo trigger intensity) to contain the threshold intensity (empirically

determined), which is used to determine if the diazo intermediate is collected. The variable is
never modified, but this allows the same value to be used in many formulae without having to
enter it each time.

7. Create a variable to hold the current column number.

8. Only start the second stage once diazo begins to be injected.

9. Set the required temperatures and flow rates for r2_rhs.

Column switching
10. Allows 15 min for the reagents to pass through the heaters and the MnO2 column.
11. Wait for the detection of the first colorimeter to reach a set threshold (20 units below the defined
threshold frequency);

12. For each of the two columns:
a. Select the column using the valve.
b. Wait until the detection level rises above the threshold.
c. Wait at least 40 minutes, and then until the detection level falls below the threshold

level, consistently for 10 minutes.

Second stage (runs until the last column is exhausted)
13. Direct the intermediate through to the second half of the system whenever the first colorimeter
reading is above the threshold.
14. The second set of reagents are injected whenever the intermediate is being collected.
15. The flow rate of the pump injecting the second reagent is varied to match the amount of
intermediate present (by an empirically determined factor)
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16. The flow rate of make-up solvent is adjusted as well, to keep the total flow rate constant.

Flushing
17. Once the last column is exhausted, stop collecting the intermediate and switch the second-stage

pumps to inject solvent only.
18. Flush the second-stage part of the system for 35 min.
19. At the same time, stop injecting the aldehyde and hydrazine reagents.
20. Flush the first-stage part of the system for 20 min,
21. Turn off the heaters in the first-stage part of the system.
22. Once the flushing stages are complete, turn off the reactors.

Product collection
23. The output is directed to collection as long as the second colorimeter is detecting between 85

and 110 units (empirically determined). This had proved to be more effective than using the
reading from the inline IR spectrometer.

Blocktopus control script

Colour distance of | Crop
x EE3 y D
LA 100 LW 100 ]

Set-up

from colour

Colowr dstance of Crop

x 83 v KD

w EED b 68

from colowr

[verage of -

over 1§ seconds

Calculte e MY b processed wmage s -]
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Set-up (2)

Column switching

Second stage control

Flushing

Product
collection

a2 + Pressure Lim
a2 Pump B - T,

T2 s » Heater & » Tapet - 1
“T12 s » Power - L.
ORI WEJOE

wak fox

wat ured

o

"] o dazo rimnsty - || > -

C T 7 s - Purmp A - Target - I

Bprrep——

- AT ¢
L7 s - Parg A
L 2. - Purp B - Target - [
oL 2 P - Pamp B~ bgu - [
oL 2P - Parg A - rpud - |

- i

et 22 y 4L

Ll Podba diazo tngger intensty - J1 = - I 20

[**Y gicbal dazo tngger mensity -

P*] ot

ool diazo reonsiy | >~
—
3"

Peryre s - Coop B - (=~

consirar

] gioba

-

20 Ingper Miensey -

rOer FRensty -

il 9oval Gazo rmensty - - I 55

(U
i 72 s+ Loop B - = =
100 31 = -

[l global outp

ect o)

Pl e s » Pumg 8 - Taget -

&=
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Characterization of the isolated compounds

Ethyl 5-(4-bromophenyl)-4,5-dihydro-1H-pyrazole-3-carboxylate (1)

Isolated as a pale-yellow oil in 81% vyield.

!H NMR (500 MHz, CDCls, ppm) & 7.47 (d, J = 7.8 Hz, 2H), 7.18 (d, J = 8.2 Hz, 2H), 4.97
(t, J =10.9 Hz, 1H), 4.30 (g, J = 7.2 Hz, 2H), 3.37 (dd, J = 17.2, 11.1 Hz, 1H), 2.86 (dd, J =
17.3,10.1 Hz, 1H), 1.34 (t, J = 7.1 Hz, 3H)

13C NMR (125 MHz, CDCls, ppm) & 162.5 (Co), 141.6 (Co), 140.5 (Co), 132.1 (CH), 128.0
(CH), 122.0 (Co), 65.0 (CH), 61.3 (CH2), 40.0 (CH2), 14.3 (CH3)

HRMS expected: 319.0058 [M+Na]" found: 319.0027 [M+Na]*

5-(4-bromophenyl)-4,5-dihydro-1H-pyrazole-3-carbonitrile (6)

Isolated as a pale-yellow oil in 73% yield.

'H NMR (500 MHz, CDClz, ppm) 8 7.52 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 8.5 Hz, 2H), 6.71
(brs, 1H), 5.02 (t, J = 11.1 Hz, 1H), 3.35 (dd, J = 16.9, 12.0 Hz, 1H), 2.84 (dd, J = 16.8, 10.0
Hz, 1H)

13C NMR (125 MHz, CDCls, ppm) & 139.1 (Co), 132.3 (CH), 128.0 (CH), 122.5 (Co), 122.3
(Co), 114.5 (Co), 64.5 (CH), 41.8 (CHy)

HRMS expected: 249.9980 [M+H]" found: 249.9991 [M+H]*

Ethyl  5-(4-bromophenyl)-4-(trifluoromethyl)-4,5-dihydro-1H-pyrazole-3-carboxylate
(11)

Isolated as a pale-yellow oil in 89% vyield.

IH NMR (500 MHz, CDCls, ppm) & 7.51 (d, J = 8.5 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 5.14
(d, J = 5.2 Hz, 1H), 4.32-4.24 (m, 2H), 3.88 (qd, J = 8.5, 5.4 Hz, 1H), 1.33 (t, J = 7.1 Hz, 3H)

13C NMR (125 MHz, CDCls, ppm) & 161.5 (Co), 138.3 (Co), 132.6 (CH), 132.3 (Co), 127.4
(CH), 124.7 (Co, g, J = 280.3 Hz), 123.0 (Co), 65.9 (CH), 61.6 (CH>), 56.6 (CH, g, J = 29.5
Hz), 14.1 (CHs)

F NMR (235 MHz, CDCls, ppm) § —69.45 (d, J = 8.6 Hz, major isomer, 90%) —76.73, (d,
J = 7.1 Hz, minor isomer, 10%)

HRMS expected: 365.0113 [M+H]* found: 365.0096 [M+H]"
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5-(4-bromophenyl)-3-(phenylsulfonyl)-4,5-dihydro-1H-pyrazole (16)

Isolated as a pale-orange solid in 58% yield.

'H NMR (500 MHz, CDCls, ppm) 6 7.99-7.97 (m, 2H), 7.70 (t, J = 7.5 Hz, 1H), 7.60 (t, J =
7.6 Hz, 2H), 7.46 (d, J = 8.5 Hz, 2H), 7.12 (d, J = 8.4 Hz, 2H), 5.03 (t, J = 10.9 Hz, 1H), 3.42
(dd, J=16.9, 11.6 Hz, 1H), 2.91 (dd, J = 16.8, 10.3 Hz, 1H)

13C NMR (125 MHz, CDCls, ppm) & 149.8 (Co), 139.1 (Co), 138.5 (Co), 134.0 (CH), 132.1
(CH), 129.3 (CH), 128.3 (CH), 127.9 (CH), 122.4 (Cy), 66.0 (CH), 39.1 (CH)

HRMS expected: 364.9959 [M+H]* found: 364.9952 [M+H]"

Ethyl 5-(3-nitrophenyl)-4,5-dihydro-1H-pyrazole-3-carboxylate (2)
Isolated as a white solid in 30% yield.

IH NMR (250 MHz, CDCls, ppm) § 8.21-8.15 (m, 2H), 7.70 (d, J = 7.8 Hz, 1H), 7.57 (t, J
7.6 Hz, 1H), 6.63 (br s, 1H), 5.16 (t, J = 11.1 Hz, 1H), 4.33 (q, J = 7.1 Hz, 2H), 3.49 (dd, J
17.4,11.9 Hz, 1H), 2.91 (dd, J = 17.3, 10.4 Hz, 1H), 1.37 (t, J = 7.2 Hz, 3H)

13C NMR (63 MHz, CDCls, ppm) & 162.3 (Co), 148.6 (Co), 143.5 (Co), 141.9 (Co), 132.5
(CH), 130.1 (CH), 123.1 (CH), 121.5 (CH), 64.7 (CH), 61.4 (CHs), 40.3 (CH>), 14.3 (CHs)

HRMS expected: 264.0984 [M+H]* found: 264.0985 [M+H]*

5-(3-nitrophenyl)-4,5-dihydro-1H-pyrazole-3-carbonitrile (7)

Isolated as a pale-yellow oil in 77% yield

'H NMR (250 MHz, CDCls, ppm) § 8.25-8.12 (m, 2H), 7.72-7.50 (m, 2H), 6.70 (br s, 1H),
5.18 (td, J = 11.2, 2.3 Hz, 1H), 3.44 (dd, J = 16.9, 12.0 Hz, 1H), 2.88 (dd, J = 16.8, 10.7 Hz,
1H)

13C NMR (63 MHz, DMSO-ds, ppm) 5 148.4 (Co), 143.9 (Co), 133.8 (CH), 130.8 (CH), 123.2
(CH), 121.8 (CH), 119.8 (Cq), 116.2 (Co), 63.6 (CH), 40.8 (CH2)

HRMS expected: 217.0926 [M+H]* found: 217.0716 [M+H]*

Ethyl 5-(3-nitrophenyl)-4-(trifluoromethyl)-4,5-dihydro-1H-pyrazole-3-carboxylate (12)
Isolated as a white solid in 45% vyield.
!H NMR (500 MHz, CDCls, ppm) & 8.25-8.19 (m, 1H), 8.12 (s, 1H), 7.63-7.60 (m, 2H), 7.31

(br's, 1H), 5.33 (d, J = 5.8 Hz, 1H), 4.40-4.21 (m, 2H), 3.94 (qd, J = 8.3, 5.9 Hz, 1H), 134 (t,
J=17.1Hz, 3H)
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13C NMR (125 MHz, CDCls, ppm) & 161.2 (Co), 148.7 (Co), 141.3 (Co), 132.5 (Co), 131.9
(CH), 124.4 (Co, g, J = 280 Hz), 123.6 (CH), 121.0 (CH), 65.2 (CH>, g, J = 2.4 Hz), 61.6 (CH),
56.9 (CH2, g, J = 30 Hz), 14.0 (CH3)

19F NMR (235 MHz, CDCls, ppm) 8 —69.22 (d, J = 4.7 Hz)

HRMS expected: 354.0677 [M+Na]" found: 354.0648 [M+Na]*

5-(3-nitrophenyl)-3-(phenylsulfonyl)-4,5-dihydro-1H-pyrazole (17)
Isolated as a colourless oil in 79% vyield.

IH NMR (250 MHz, CDCls, ppm) & 8.17-8.12 (m, 2H), 7.99-7.96 (m, 2H), 7.72-7.50 (M, 5H),
5.20 (t, J = 11.0 Hz, 1H), 3.52 (dd, J = 16.7, 11.2 Hz, 1H), 2.91 (dd, J = 16.8, 10.6 Hz, 1H)

13C NMR (63 MHz, CDCls, ppm) & 149.5 (Co), 148.3 (Co), 142.2 (Co), 138.2 (Co), 134.1
(CH), 132.5 (CH), 130.0 (CH), 129.4 (CH), 128.1 (CH), 123.2 (CH), 121.3 (CH), 65.6 (CH),
39.3 (CH2)

HRMS expected: 354.0525 [M+Na]" found: 354.0520 [M+Na]*

Ethyl 5-(pyridin-3-yl)-4,5-dihydro-1H-pyrazole-3-carboxylate (3)

Isolated as a pale-yellow solid in 70% vyield.

!H NMR (250 MHz, CDCls, ppm) & 8.48-8.45 (m, 2H), 7.63 (dt, J = 7.9, 1.8 Hz, 1H), 7.23
(dd, J=7.9,4.9 Hz, 1H), 7.01 (br s, 1H), 4.99 (t, J = 11.0 Hz, 1H), 4.24 (q, J = 7.2 Hz, 2H),
3.36 (dd, J =17.3, 11.9 Hz, 1H), 2.82 (dd, J = 17.2, 10.2 Hz, 1H), 1.28 (t, J = 7.1 Hz, 3H)

13C NMR (63 MHz, CDCls, ppm) & 162.2 (Co), 149.1 (CH), 147.8 (CH), 141.1 (Co), 136.8
(Co), 133.8 (CH), 123.6 (CH), 62.8 (CH), 61.0 (CH2), 39.6 (CH>), 14.0 (CHs)

HRMS expected: 220.1086 [M+H]* found: 220.1074 [M+H]*

5-(pyridin-3-yl)-4,5-dihydro-1H-pyrazole-3-carbonitrile (8)

Isolated as a pale-yellow solid in 41% vyield.

'H NMR (250 MHz, CDCls, ppm) & 8.60 (dd, J = 5.0, 1.4 Hz, 1H), 8.54 (d, J = 1.8 Hz, 1H),
7.68 (dt, J = 8.0, 1.9 Hz, 1H), 7.35 (dd, J = 7.8, 4.8 Hz, 1H), 6.88 (br s, 1H), 5.10 (dd, J =
11.2, 1.8 Hz, 1H), 3.41 (dd, J = 16.8, 12.0 Hz, 1H), 2.89 (dd, J = 16.9, 10.3 Hz, 1H)

13C NMR (63 MHz, CDCls, ppm) & 150.1 (CH), 148.1 (CH), 135.6 (Co), 133.9 (CH), 124.1
(CH), 122.5 (Co), 114.2 (Co), 62.8 (CH), 41.8 (CH2)

HRMS expected: 173.0827 [M+H]* found: 173.0810 [M+H]"
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Ethyl 5-(pyridin-3-yl)-4-(trifluoromethyl)-4,5-dihydro-1H-pyrazole-3-carboxylate (13)
Isolated as a pale-yellow oil in 56% yield.

!H NMR (250 MHz, CDCls, ppm) & 8.53-8.51 (m, 1H), 8.43 (s, 1H), 7.54 (d, J = 8.0, 1H),
7.33-7.27 (m, 1H), 5.19 (d, J = 5.6 Hz, 1H), 4.34-4.20 (m, 2H), 3.95-3.82 (m, 1H), 1.31 (t, J =
7.1 Hz, 3H)

13C NMR (63 MHz, CDCls, ppm) & 161.3 (Co), 150.1 (CH), 147.3 (CH), 135.0 (Co), 133.6
(CH), 131.8 (Co), 124.5 (Co, q, J = 280.0 Hz), 124.1 (CH), 64.0 (q, J = 2.4 Hz), 61.4 (CH>),
56.4 (CH, q, J = 29.7 Hz), 14.0 (CHa)

F NMR (235 MHz, CDCls, ppm) & —69.45 (d, J = 8.4 Hz)

HRMS expected: 288.0960 [M+H]* found: 288.0973 [M+H]"

Ethyl 5-(4-fluorophenyl)-5-methyl-4,5-dihydro-1H-pyrazole-3-carboxylate (4)

Isolated as a pale-yellow oil in 74% yield.

'H NMR (250 MHz, CDCls, ppm) & 7.39-7.33 (m, 2H), 7.06-6.99 (m, 2H), 4.30 (q, J = 7.1
Hz, 2H), 3.12 (d, J = 17.1 Hz, 1H), 3.02 (d, J = 17.1 Hz, 1H), 1.60 (s, 3H), 1.35 (t, J = 7.1 Hz,
3H)

13C NMR (63 MHz, CDCls, ppm) & 162.7 (Co), 161.9 (Co, d, J = 246.1 Hz), 141.2 (Co, d, J =
3.2 Hz), 140.7 (Co), 127.0 (CH, d, J = 8.1 Hz), 115.4 (CH, d, J = 21.4 Hz), 69.4 (Cy), 61.1
(CHo), 46.5 (CH2), 27.4 (CH3), 14.3 (CHs)

19F NMR (235 MHz, CDCls, ppm) 8 —115.53 (tt, J = 8.8, 5.2 Hz)

HRMS expected: 273.1015 [M+Na]" found: 273.0987 [M+Na]"

5-(4-fluorophenyl)-5-methyl-4,5-dihydro-1H-pyrazole-3-carbonitrile (9)
Isolated as a pale-yellow oil in 82% vyield.

IH NMR (250 MHz, CDCls, ppm) & 7.39-7.31 (m, 2H), 7.11-7.02 (m, 2H), 3.03 (s, 2H), 1.64
(s, 3H)

13C NMR (63 MHz, CDCls, ppm) § 162.0 (Co, d, J = 246.9 Hz), 139.9 (Co, d, J = 3.2 Hz),
126.8 (CH, d, J = 7.8 Hz), 121.3 (Co), 115.7 (CH, d, J = 21.4 Hz), 114.8 (Co), 69.5 (Co), 48.4
(CHz), 27.0 (CH3)

19F NMR (235 MHz, CDCl3, ppm) 5 —114.64 (tt, J = 8.6, 5.1 Hz)

HRMS expected: 204.0937 [M+H]* found: 204.0904 [M+H]*
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5-(4-fluorophenyl)-5-methyl-3-(phenylsulfonyl)-4,5-dihydro-1H-pyrazole (19)
Isolated as a pale-yellow oil in 38% vyield.

IH NMR (250 MHz, CDCls, ppm) & 8.07-7.94 (m, 2H), 7.70-7.54 (m, 3H), 7.32-7.26 (m, 2H),
7.04-6.97 (m, 2H), 3.16 (d, J = 16.5 Hz, 1H), 3.02 (d, J = 16.5 Hz, 1H), 1.58 (s, 3H)

13C NMR (63 MHz, CDCls, ppm) & 162.0 (Co, d, J = 246.8 Hz), 148.6 (Co), 140.1 (Co, d, J
= 3.3 Hz), 138.8 (Co), 134.0 (CH), 129.4 (CH), 128.2 (CH), 127.0 (CH, d, J = 8.1 Hz), 115.5
(CH, d, J = 21.4 Hz), 71.1 (Co), 45.5 (CH>), 27.0 (CHs)

19F NMR (235 MHz, CDCls, ppm) & —114.88 (tt, J = 8.7, 5.2 Hz)

HRMS expected: 319.0916 [M+H]* found: 319.0905 [M+H]"

Ethyl 5-methyl-5-phenyl-4,5-dihydro-1H-pyrazole-3-carboxylate (14)
Isolated as a pale-yellow oil in 86% yield.

IH NMR (250 MHz, CDCls, ppm) & 7.42-7.25 (m, 5H), 4.29 (g, J = 7.2 Hz, 2H), 3.09 (d, J =
2.3 Hz, 2H), 1.60 (s, 3H), 1.34 (t, J = 7.2 Hz, 3H)

13C NMR (63 MHz, CDCls, ppm) & 162.8 (Co), 145.4 (Co), 140.8 (Co), 128.7 (CH), 127.3
(CH), 125.1 (CH), 69.9 (Co), 61.1 (CH>), 46.3 (CH,), 27.5 (CH3), 14.3 (CHs)

HRMS expected: 255.1109 [M+Na]* found: 255.1095 [M+Na]*

5-methyl-5-phenyl-4,5-dihydro-1H-pyrazole-3-carbonitrile (18)
Isolated as a pale-yellow oil in 68% yield.
'H NMR (250 MHz, CDCIs, ppm) & 7.42-7.32 (m, 5H), 3.05 (s, 2H), 1.65 (s, 3H)

13C NMR (63 MHz, CDCls, ppm) & 144.0 (Co), 128.9 (CH), 127.8 (CH), 125.0 (CH), 121.5
(Co), 114.8 (Co), 69.9 (Co), 48.4 (CHy), 27.0 (CH3)

HRMS expected: 186.1031 [M+H]* found: 186.1026 [M+H]*

Ethyl 5-(furan-2-yl)-4,5-dihydro-1H-pyrazole-3-carboxylate (5)
Isolated as a pale-yellow oil in 61% yield.
'H NMR (250 MHz, CDClIs, ppm) & 7.39-7.37 (m, 1H), 6.33 (dd, J = 3.2, 1.9 Hz, 1H), 6.24

(d, J = 3.6 Hz, 1H), 5.04 (dd, J = 11.0, 8.4 Hz, 1H), 4.33 (q, J = 7.2 Hz, 2H), 3.26 (dd, J =
17.0, 11.1 Hz, 1H), 3.15 (dd, J = 17.2, 8.4 Hz, 1H), 1.37 (t, J = 7.1 Hz, 3H)

S18



13C NMR (63 MHz, CDCls, ppm) 8 162.4 (Co), 153.3 (Co), 142.7 (CH), 142.6 (Cq), 110.4
(CH), 106.5 (CH), 61.3 (CHy), 58.3 (CH), 36.1 (CH2), 14.3 (CHs3)

HRMS expected: 209.0926 [M+H]* found: 209.0918 [M+H]*

5-(furan-2-yl)-4,5-dihydro-1H-pyrazole-3-carbonitrile (16)

Isolated as a pale-yellow oil in 65% yield.

'H NMR (250 MHz, CDCls, ppm) & 7.40 (d, J = 1.1 Hz, 1H), 6.36 (dd, J = 3.2, 1.8 Hz, 1H),
6.28 (d, J = 3.3 Hz, 1H), 5.07 (dd, J = 11.5, 8.2 Hz, 1H), 3.23 (dd, J = 16.8, 11.5 Hz, 1H), 3.09
(dd, J 16.7, 8.2 Hz, 1H)

13C NMR (63 MHz, CDCls, ppm) 8 151.9 (Co), 143.0 (CH), 123.1 (Co), 114.3 (Co), 110.5
(CH), 107.3 (CH), 57.9 (CH), 38.0 (CH>)

HRMS expected: 162.0656 [M+H]" found: 162.0667 [M+H]"

Ethyl 5-(furan-2-yl)-4-(trifluoromethyl)-4,5-dihydro-1H-pyrazole-3-carboxylate (15)
Isolated as a pale-yellow oil in 51% vyield.

IH NMR (250 MHz, CDCls, ppm) & 7.41-7.40 (m, 1H), 6.65 (br s, 1H), 6.38-6.35 (m, 1H),
6.33-6.31 (m, 1H), 5.22 (d, J = 4.5 Hz, 1H), 4.41-4.29 (m, 3H), 1.39 (t, = 7.1 Hz, 3H)

13C NMR of the major isomer (63 MHz, CDCls, ppm) & 161.3 (Co), 150.8 (Co), 146.0 (Co),
143.6 (CH), 124.6 (Co, g, J = 280.5 Hz), 110.7 (CH), 107.7 (CH), 61.6 (CH>), 60.1 (CH, g, J
= 2.7 Hz), 53.3 (CH, g, J = 30.0 Hz), 14.1 (CH>)

19F NMR (235 MHz, CDCls, ppm) & —69.41 (d, J = 8.7 Hz, 77%), ~76.27 (d, J = 7.0 Hz,
23%)

HRMS expected: 299.0620 [M+Na]* found: 299.0634 [M+Na]*

5-(furan-2-yl)-3-(phenylsulfonyl)-4,5-dihydro-1H-pyrazole (20)

Isolated as a pale-yellow oil in 75% yield.

'H NMR (250 MHz, CDCls, ppm) & 8.03-7.97 (m, 2H), 7.72-7.55 (m, 3H), 7.34-7.32 (m, 1H),
6.30 (dd, J = 3.1, 2.0 Hz, 1H), 6.18 (d, J = 3.3 Hz, 1H), 5.07 (dd, J = 11.0, 8.3 Hz, 1H), 3.30
(dd, J=16.7, 11.0 Hz, 1H), 3.16 (dd, J = 16.7, 8.3 Hz, 1H)

13C NMR (63 MHz, CDCls, ppm) 8 152.1 (Co), 150.6 (Co), 143.0 (CH), 138.7 (Co), 134.1
(CH), 129.4 (CH), 128.4 (CH), 110.5 (CH), 107.3 (CH), 59.5 (CH), 35.6 (CH>)

HRMS expected: 277.0647 [M+H]* found: 277.0663 [M+H]*
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NMR Spectra for isolated compounds
Ethyl 5-(4-bromophenyl)-4,5-dihydro-1H-pyrazole-3-carboxylate
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Current Data Parameters
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F2 - Acguisition Parameters
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Time 12.54 h
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SOLVENT cDeL3
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Ds 0
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FIDRES 0.628796 Hz
pte) 1.5903403 sec
RG 57

DW 45.533 usec
DE 10.00 usec
TE 298.1 K

D1 1.00000000 sec
TDO 1

SFO1 499.8730869 MHz
WUCl

Pl 11.75 usec
PLWL 27.00000000 W
F2 - Preocessing parameters
51 65536

T
85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 ppm

'H NMR spectrum in CDCls, 500 MHz, of compound 1
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TE 298.2 K
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D2 0.00344828 sec
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DO 1
SFO1 125.7062372 MHz
NUC1 13cC
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PLW1 85.00000000 W
SF02 499.8715986 MHz
NUc2 1H
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P4 23.50 usec
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F2 - Processing parameters
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LB 1.00 Hz
GB o}
TP 1.40

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

DEPT135 spectra in CDCl3, 125 MHz, of compound 1
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Current Data Parameters
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F2 - Acquisition Parameters
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DE 10.00 usec
TE 298.1 K
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P1 10.00 usec
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SF02 499.8719995 MHz
NUC2 1H
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PLW12 0.57228002 W
PLW13 0.29137000 W
F2 - Processing parameters
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SSB 0
1B 1.00 Hz
GB 0
. I J N i e 1.40

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

13C NMR spectra in CDCls, 125 MHz, of compound 1
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5-(4-bromophenyl)-4,5-dihydro-1H-pyrazole-3-carbonitrile
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GB Q
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'H NMR spectrum in CDCls, 500 MHz, of compound 6
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Current Data Parameters
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F2 - Acquisition Parameters
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HN-N Time 13.48 h
S—cN INSTRUM spect
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D12 0.00002000 sec
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SF02 499.8715986 MHz
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F2 - Processing parameters
SI 32768
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SSB 0
LB 1.00 Hz
GB o
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DEPT135 NMR spectrum in CDCls, 125 MHz, of compound 6
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Current Data Parameters
NAME mar20mfsH2
EXPNO 2
PROCNQ 1
HN-N F2 - Acquisition Parameters
\ CN Date_ 20190320
Time 13.43 h
INSTRUM spect
PROBHD 2113652_0120 (
Br PULPROG zgpg30
TD 32768
SOLVENT CDC13
NS 350
D3 0
SWH 32894.738 Hz
FIDRES 2.007735 Hz
AQ 0.4980736 sec
RG 2050
DW 15.200 usec
DE 10.00 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.7062372 MHz
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Pl 10.00 usec
PLW1 85.00000000 W
SF02 499.8719995 MHz
NUC2 1H
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PCPD2 80.00 usec
PLW2 26.85300064 W
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PLW13 0.29137000 W
F2 - Processing parameters
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SSB [o]
LB 1.00 Hz
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PC 1.40
A i L n

T T T T T T T T T T T T T T T T T T
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13C NMR spectrum in CDCls, 125 MHz, of compound 6
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Ethyl 5-(4-bromophenyl)-4-(trifluoromethyl)-4,5-dihydro-1H-pyrazole-3-carboxylate
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'H NMR spectrum in CDCls, 500 MHz, of compound 11
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Yo} 1.1534336 sec
RG 200.6
DW 8.800 usec
L DE 6.50 usec
[ TE 298.1 K
| | D1 1.00000000 sec
J ‘ N TDO 1
(- SFOL 235.3338140 MHz
2 b NUC1
. . Pl 15.00 usec
= o PLW1 6.80000019 W
r T T T T T T T ] F2 - Processing parameters
sI 65536
-70 -71 -72 -73 -74 75 ppm sF 235.3573497 MHz
WowW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
L
o (=
=] (2]
S| |&
-1
T T T T T T T T T
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

¥F NMR spectrum in CDCls, 235 MHz, of compound 11
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Current Data Parameters

T T T

170 160 150 140 130 120 110 100 90
DEPT135 NMR spectrum in CDCls, 125 MHz, of compound 11

161.5

-N
HN N

Br

—14.1

NAME mar20mfsH4
EXPNO 3
PROCNQ 1

F2 - Rcquisition Parameters
Date_ 20190320
Time 15.54 h
INSTRUM spect
PROBHD  2113652_0120 (
PULPROG dept135

TD 32768
SOLVENT CcDC13

NS 64

DS 4

SWH 32894.738 Hz
FIDRES 2.007735 Hz
AQ 0.4980736 sec
RG 2050

DW 15.200 usec
DE 10.00 usec
TE 298.1 K
CNST2 145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
SFOl 125.7062372 MHz
NOC1 13C

P1 10.00 usec
P2 20.00 usec
PLW1 85.00000000 W
FO2 499.8715986 MHz
Ngc2 1H
CPDPRG[2 waltzle

P3 11.75 usec
P4 23.50 usec
PCPD2 80.00 usec
PLW2 26.85300064 W
PLW12 0.57928002 W
F2 - Processing parameters
SI 32768

SF 125.6924110 MHz
WDW

55B o

LB 1.00 Hz
GB o

PC 1.40

ppm

Current Data Parameters

NAME mar20mfsH4
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20190320
Time 15.50 h
INSTRUM spect
PROBHD  Z113652_0120 (
PULPROG Zgpg30
TD 32768
SOLVENT CDC13
NS 2048
Ds 0
SWH 32894.738 Hz
FIDRES 2.007735 Hz
RO 0.4980736 sec
RG 2050
Dw 15.200 usec
DE 10.00 usec
TE 298.2 K
D1 2.00000000 sec
D1l 0.03000000 sec
TDO 1
SFC1 125.7062372 MHz
NUCL 13C
P1 10.00 usec
PLW1 85.00000000 W
SFG2 499.8719995 MHz
NUC2 1H
CPDPRG [2 waltzl6
PCPD2 80.00 usec
PLW2 26.85300064 W
PLW12 0.57928002 W
PLW13 0.29137000 W
F2 - Processing parameters
SI 32768
SF 125.6924110 MHz
WDW EM
B o

LB 1.00 Hz
GB a

T PC 1.40

T T T

170 160 150 140

13C NMR spectrum in CDCls, 125 MHz, of compound 11

ppm
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5-(4-bromophenyl)-3-(phenylsulfonyl)-4,5-dihydro-1H-pyrazole
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Current Data Parameters

NAME mar20mfsHS
EXPNO 1
PROCNC 1
HNTY To F2 - Acquisitlon Parameters
- Date_ 20190320
Time 16.07 h
INSTRUM spect
Br . - PROBHD 2113652_0120 (
- PULPROG zg30
TD 32768
SOLVENT CDC13
NS 16
DS 0
JI SWH 10302.198 Hz
FIDRES 0.628796 Hz
L J . P, AQ 1.5903403 sec
B o RG 128
(=] Dw 48.533 usec
N M DE 10.00 usec
ﬂ i TE 298.2 K
T T T T T D1 1.00000000 sec
3.6 3.4 3.2 8.0 ppm e 5
SFOL1 499.8730869 MHz
NUc1
Pl 11.75 usec
PLWL 27.00000000 W
F2 - Processing parameters
SI 65536
SF 499.8700000 MHz
WDW EM
SSB 0
| LB 0.30 Hz
GB 0
PC 1.00
I LJUU S . S S .
i S e R < < <
lele=le] (- - - -
T T T T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm
'H NMR spectrum in CDCls, 500 MHz, of compound 16
HN 0O
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Current Data Parameters
NAME mar20mfsHS
EXPNO 3
HN’N o PROCNOC 1
N_I1o o
= F2 - Acquisition Parameters
Date_ 20190320
Time 17.57 h
INSTRUM spect
Br PROBHD 2113652_0120 (
PULPROG dept135
TD 32768
SOLVENT CDC13
NS 512
DS 4
SWH 32894.738 Hz
FIDRES 2.007735 Hz
AQ 0.4980736 sec
RG 2050
bW 15.200 usec
DE 10.00 usec
TE 298.2 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
N SFO1 125.7062372 MHz
NUC1 13C
P1 10.00 usec
P2 20.00 usec
PLW1 85.00000000 W
SF02 499.8715986 MHz
Nuc2 1H
CPDPRG[2 waltzlé
P3 11.75 usec
P4 23,50 usec
PCPD2 .00 usec
PLW2 26.85300064 W
PLW12 0.57928002 W
F2 - Processing parameters
sSI 32768
SF 125.6924110 MHz
WDW EM
S55B o
LB 1.00 Hz
GB 4]
T T T T T T T T T T T T T T T T T BC 1.40
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

DEPT135 NMR spectrum in CDCls, 125 MHz, of compound 16
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Current Data Parameters
NAME mar20mfsHS
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20120320
_ Time 17.35 h
HN N\ ”’O INSTRUM spect
S= PROBHD 2113652_0120 ¢
PULPROG z2gpg30
TD 32768
Br SOLVENT CDC13
NS 2048
Ds 0
SWH 32894.738 Hz
FIDRES 2.007735 Hz
AQ 0.4980736 sec
RG 2050
DW 15.200 usec
DE 10.00 usec
TE 298.2 K
D1 2.00000000 sec
D1l 0.03000000 sec
TDO 1
SFC1 125.7062372 MHz
NUC1
Pl 10.00 usec
PLW1 85.00000000 W
SF02 499.8719995 MHz
NUC2 1H
CPDPRG [2 waltzlé
PCPD2 80.00 usec
PLW2 26.85300064 W
PLW12 0.57928002 W
PLW13 0.29137000 W
F2 - Processing parameters
sI 32768
SF 125.6924193 MHz
WDW EM
SSB o
LB 1.00 Hz
GB o)
N . " } PC 1.40

T T T T T T T T T T T T T T T T 1

T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
13C NMR spectrum in CDCls, 125 MHz, of compound 16
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Ethyl 5-(3-nitrophenyl)-4,5-dihydro-1H-pyrazole-3-carboxylate
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Current Data Parameters

NAME maiz4hmmH2_A
EXPNO 1
PROCNO 1

F2 - RAcguisition Parameters
Date_ 20190524
Time 17.41 h
INSTRUM spect
PROBHD 2105225_0009 (
PULPROG 2g30

TD 32768
SOLVENT CcDhC13

NS 8

DS Q

SWH 5000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999% sec
RG 200.6

Dw 100.000 usec
DE 6,50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
SFOl 250.1315446¢ MHz
NUC1 1H

P1 15.00 usec
PLW1 7.19999981 W
F2 - Processing parameters
SI 65536

SF 250.1300000 MHz
WDwW EM

55B o

LB 0.30 Hz
GB 4]

PC 1.00

o
)]

I
=
-

N I s

T T T T T T T T T T T T

T T T T
85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 ppm

'H NMR spectrum in CDCls, 250 MHz, of compound 2

—132.5
—130.1

—_—123.1
—121.5

—64.7
—61.4
—40.3
—14.3

Current
NAME
EXPNO
FPROCNO

Date_

HN fN\ Time
ON COaEt PROBHD

PULPROG
D
SOLVENT

NS
Ds

Data Parameters
mai24hmmH2_A

F2 - Acquisition Parameters

20190524
18.10 h
spect

2105225_0009 (

deptspl3s
32768
cDC13

256

8
15120.968 Hz
0.922911 Hz
1.0835285 sec
200.6
33.067 usec
15.00 usec
298.1 K
145.0000000
2.00000000 sec
0.00344828 sec
0.00002000 sec

1
62.9015280 MHz
13¢C
10.00 usec
2000.00 usec
PLWO 0w
PLWL 27.00000000 W
SPNAM[5] Crpé0comp.4
SPOALS 0.500
SPOFFS5 0 Hz
SPWS 4.12529993 W
SFO2 250.1310005 MHz
NUC2 1H
CPDPRG [2 waltzlé
P3 15.00 usec
B4 30.00 usec
PCPD2 90.00 usec
PLW2 7.19999581 W
PLW1Z 0.20000000 W
F2 - Processing parameters
8T 32768
SF 62.8952385 MHz
WDW EM
SSB 0
T T T T T T T T T T T T T T T e o 1.00 Hz
150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppmec 1.40

DEPT135NMR spectrum in CDCl3, 63 MHz, of compound 2
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Current Data Parameters
NAME mai24hmmH2_A
EXPNO 3
PROCNQ 1
F2 - RAcquisition Parameters
— Date_ 20190524
HN N\ Time 22.42 h
O5N CO,Et TNSTRUM spect
PROBHD 2105225_0009 (
PULPROG Zgpg30
TD 32768
SOLVENT CDC13
NS 256
D3 4
SWH 15120.968 Hz
FIDRES 0.922911 Hz
AQ 1.0835285 sec
RG 200.6
DW 33.067 usec
DE 15.00 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 62.9015281 MHz
NOC1 13¢C
Pl 10.00 usec
PLW1 27.00000000 W
SF02 250.1310005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 7.19999981 W
PLW12 0.20000000 W
PLW13 0.10044000 W
F2 - Processing parameters
SI 32768
SF 62.8952385 MHz
WDW EM
SSB [o]
LB 1.00 Hz
GB o
PC 1.40
T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 ppm

13C NMR spectrum in CDCls, 63 MHz, of compound 2
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5-(3-nitrophenyl)-4,5-dihydro-1H-pyrazole-3-carbonitrile
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Current Data Parameters

NAME maiz4hmmH2_A
EXPNO 1
PROCNO 1
_ F2 - RAcguisition Parameters
HN N\ Date_ 20190524
O,N CN Time 17.41 h
INSTRUM spect
PROBHD  2105225_0009 (
PULPROG 2930
TD 32768
SOLVENT cDC13
NS 8
DS 0
SWH 5000.000 Hz
| FIDRES 0.305176 Hz
- 20 3.276799% sec
RG 200.6
DW 100.000 usec
M DE 6.50 usec
o i TE 298.1 K
T T T T T D1 1.00000000 sec
e TDO 1
3.0 3.4 3.2 3.0 ppm SFO1 250.1315446 MHz
NUC1 1H
P1 15.00 usec
| PLW1 7.19999981 W
F2 - Processing parameters
SI 65536
SF 250.1300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
I 10 | | PC 1.00
|
" 1 | S
@ 5 b ] S < < ] S
- (=311 o ™ (3] - - (]
T T T T T T T T T T T T T T T T 1
85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 ppm
'H NMR spectrum in CDCls, 250 MHz, of compound 7

—132.3
T130.4
—123.6
—121.5
—64.4
—42.1

HN-N
o,N CN

Current Data Parameters

T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

DEPT135 NMR spectrum in CDCl3, 63 MHz, of compound 7

NAME mai24hmmH3_B
EXPNO
PROCNO
F2 - Acquisition Parameters
Date_ 20190524
Time 23.31 h
INSTRUM spect
PROBHD 2105225_0009 ¢
PULPROG deptspl3s
TD 32768
SOLVENT CDC13
Ns 256
Ds 8
SWH 15120.968 Hz
FIDRES 0.9229%11 Hz
A0 1.0835285 sec
RG 200.6
DwW 33.067 usec
DE 15.00 usec
TE 298.1 K
NST2 145.0000000
1 2.00000000 sec
b2 0.00344828 sec
iz 0.00002000 sec
DO 1
SFO1 62.9015280 MHz
NUCl 13C
Pl 10.00 usec
P13 2000.00 usec
PLWO oW
PLW1 27.00000000 W
SPNAM[5] Crpé0comp.4
SPOALS 0.500
SPOFFS5 0 Hz
SPWS 4.12529993 W
SFO2 250.1310005 MHz
NUC2 1H
CPDPRG [2 waltzlé
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec
PLW2 7.19999981 W
PLW1Z 0.20000000 W
F2 - Processing parameters
8T 32768
87 62.8952385 MHz
WDW EM
SSB 0
1B 1.00 Hz
s o

pph¥c 1.40
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Current Data Parameters
NAME ago0T7hmmH1
EXPNO 2
PROCNQ 1
HN N\ F2 - RAcquisition Parameters
o,N CN Date_ 20190808
Time 2.54 h
INSTRUM spect
PROBHD 2113652_0120 (
PULPROG Zgpg30
TD 32768
SOLVENT DMSO
NS 4200
D3 0
SWH 32894.738 Hz
FIDRES 2.007735 Hz
AQ 0.4980736 sec
RG 2050
DW 15.200 usec
DE 10.00 usec
TE 298.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 125.7062372 MHz
NOC1
Pl 10.00 usec
PLW1 85.00000000 W
SF02 499.8719995 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 26.85300064 W
PLW12 0.57928002 W
PLW13 0.29137000 W
F2 - Processing parameters
SI 32768
SF 125.6924110 MHz
WDW EM
SSB [o]
LB 1.00 Hz
GB o
I L J ) I e Le40

T T T T T T T T T T T T T T T T T 1

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
13C NMR spectrum in DMSO-ds, 125 MHz, of compound 7
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Ethyl 5-(3-nitrophenyl)-4-(trifluoromethyl)-4,5-dihydro-1H-pyrazole-3-carboxylate
MO OWWOoWwooNWwo OO A0 CO0 4O MOTO 4CWOwNMmoOo o O ™
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Current Data Parameters

NAME mai24hmmil_D
I EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20190524
Time 17.36 h
INSTRUM spect
HN'N\ PROBHD  2105225_0009 (
PULPROG zg30
O:N COkt TD 32(7;68
SOLVENT CDC13
CF3 ws 8
DS 0
SWH 5000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999 sec
RG 200.8
Dw 100.000 usec
DE 6.50 usec
i TE 298.2 K
| Dl 1.00000000 sec
TDO 1
SFO1 250.1315446 MHz
NUC1
Pl 15.00 usec
PLW1 7.19999981 W
F2 - Processing parameters
SI 65536
SF 250.,1300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB Q
] PC 1.00
| lI 1
S|le ol & S =] S S
-3 ol [+ - -l e ]
T T T T T T T T T T T T T T
85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 ppm

!H NMR spectrum in CDCls, 250 MHz, of compound 12

-69.20
-69.24

<

Current Data Parameters
NAME mai2dhmmH1_D

EXPNO 2
PROCNOC 1
F2 - Acquisition Parameters
Date_ 20150524
HN-N Time 17.38 h
N INSTRUM spect
O:N COoE PROBHD  2105225_0009 (
PULPROG zgflan
CF3 TD 131072
SOLVENT CDC13
NS 16
DS 4
SWH 56818.184 Hz
FIDRES 0.866977 Hz
T T T T aQ 1.1534336 sec
RG 200.6
168.6 -68.8 -69.0 -69.2 ppm bW 3.800 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
SFO1 235.3338140 MHz
NUC1
Pl 15.00 usec
PLW1 6.80000019 W
F2 - Processing parameters
SI 65536
SF 235,3573497 MHz
WhwW EM
SSB [o]
LB 0.30 Hz
GB [o]
PC 1.00
T T T
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

F NMR spectrum in CDCls, 235 MHz, of compound 12
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Current Data Parameters
NAME mai24hmmHl_D
EXPNO ]
PROCNO 1
F2 - RAcquisition Parameters
Date_ 20190524
Time 22.24 h
HN-N INSTRUM spect
OoN D—Co,Et PROBHD  2105225_0009 (
PULPROG deptspl3s
™ 32768
CF3 SOLVENT cDC13
NS 256
DS 8
SWH 15120.968 Hz
FIDRES 0.9220911 Hz
20 1.0835285 sec
RG 200.6
DW 33,067 usec
DE 15.00 usec
TE 298.2 K
CNSTZ 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
sFoL 62.9015280 MHz
NUC1 13¢C
Pl 10.00 usec
P13 2000.00 usec
PLWO 0w
PLWL 27.00000000 W
SPNAM[5) Crpélcomp.4
SPOALS 0.500
WAl A Wm0
SPWS 4.12529993 W
sFoz 250.1310005 MHz
nuez 1H
CPDPRG [2 waltzlé
B3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec
PLW2 7.19999981 W
FLW1Z 0.20000000 W
FZ - Processing parameters
ST 32768
SF 62.8952385 MHz
WDW EM
ssB 0
T T T T T T T T T T T T T T T T T e 0 1.00 fHz
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppmec 1.40

DEPT135 NMR spectrum in CDCls, 63 MHz, of compound 12
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Current Data Parameters
NAME maiz4hmmHl_D
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date_ 20190524
HN’N\ Time 22.10
INSTRUM spect
QN CO.Et PROBHD  2105225_0009 |
PULPROG zgpg30
CF3 TD 32768
SOLVENT CDCL3
NS 512
DS 4
SWH 15120.968
FIDRES 0.922911
AQ 1.0835285
RG 200.6
DW 33.067
DE 15.00
TE 298.1
D1 2.00000000
D11 0.03000000
TDO 1
SFOl1 62.9015281
NOC1 13C
P1 10.00
PLW1 27.00000000
SF02 250.1310005
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00
PLW2 7.19999981
PLW12 0.20000000
PLW13 0.10044000
F2 - Processing parameters
SI 2768
SF 62.8952430
WDW EM
SSB o
LB 1.00
GB a
PC 1.40

T T T T T T T T T T T T T T T T T 1
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

13C NMR spectrum in CDCls, 63 MHz, of compound 12
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5-(3-nitrophenyl)-3-(phenylsulfonyl)-4,5-dihydro-1H-pyrazole
C><)
BRUKER

Current Data Parameters
N.

o
\/// AME dez 18hmmH3
EXPNO 1

PROCNO 1
! HN-N O
Nt F2 - Acquisition Parameters
S Date_ 20191218
Time 20.15 h
INSTRUM spect
PROBHD 2105225_0009 (
PULPROG zg30
D 32768
SOLVENT CDC13
NS 8
Ds [}
SWH 5000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999 sec
RG 200.6
DW 100.000 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
SFO1 250.1315446 MHz
NUC1
P1 15.00 usec
PLW1 7.19999981 W
F2 - Processing parameters
ST 65536
SE 250.1300041 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB [¢]
PC 1.00
I J

1 ppm

G andan
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Current Data Parameters
NAME mai24hmmH4_E
EXPNO
PROCNO
F2 - Acquisition Parameters
HN, O Date_ 20190524
N_l.o Time 22.59 h
O5N S= INSTRUM spect
PROBHD 2105225_0009 {
PULPROG deptspl3s
TD 32768
SOLVENT CcDC13
ns 256
DS 8
swH 15120.968 He
FIDRES 0.922911 Hz
20 1.0835285 sec
RG .6
DW 33.067 usec
DE 15.00 usec
TE 298.2 X
cNsT2 145.0000000
b1 2.00000000 sec
D2 0.00344828 sec
pi2 0.00002000 sec
DO 1
SFO1 62.9015280 MHz
NUC1l 13¢C
Fl 10.00 usec
P13 2000.00 usec
PLWO 0w
At ok — o . e PLWL 27.00000000 W
SPNAM[5] Crpé0comp.4
SPOALS 0.500
SPOFFS5 0 Hz
SPWS 4.12529993 W
SFO2 250.1310005 MHz
NUC2 1H
CPDPRG [2 waltzlé
B3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec
PLWZ 7.19990081 W
PLW1Z 0.20000000 W
F2 - Processing parameters
8T 32768
SF 62.8952385 MHz
WDW EM
SSB 0
T T T T T T T T T T T T T T T T T e o 1.00 Hz
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppmec 1.40

DEPT135 NMR spectrum in CDCls, 63 MHz, of compound 17
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Current Data Parameters
NAME mai24hmmHid_E
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
HN-N © Date_ 20190524
ON »_g=0 Time 23.13 h
2 INSTRUM spect
PROBHD ~ 7105225_0009 (
PULPROG zgpg30
TD 32768
SOLVENT ¢DC13
NS 256
DS 4
SWH 15120.968 Hz
FIDRES 0.922911 Hz
20 1.0835285 sec
RG 200.6
DW 33.067 usec
DE 15.00 usec
TE 298.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 62.9015281 MHz
Nuc1 13C
P1 10.00 usec
PLW1 27.00000000 W
SFO2 250.1310005 MHZ
NUC2 1H
CPDPRG (2 waltz16
PCPDZ 90.00 usec
PLW2 7.19999981 W
PLW1Z 0.20000000 W
PLW13 0.10044000 W
F2 - Processing parameters
sI 32768
SF 62.8952472 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
v PR S—— = 21

T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
13C NMR spectrum in CDCls, 63 MHz, of compound 17
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Ethyl 5-(pyridin-3-yl)-4,5-dihydro-1H-pyrazole-3-carboxylate

T T B Ao I o B T B R D OWND NN O 0 A~ © w0
SERLTYLEnLnys 22 E9909RRRETEE S8 BRUKER
0 00 M=~ [~ [~ [~ [~ [~ 0= 0~ 0= 0=~ DS FFFFOOO O NN A —
N TS = NN NN N N
NAME mail2lhmmHl
EXPNO 1
PROCNO 1
F2 - RAcguisition Parameters
HN’N Date_ 20190521
\ Time 16.14 h
“ COzEt INSTRUM spect
‘ PROBHD 2105225_0009 (
> PULPROG 2g30
N I TD 32768
SOLVENT cDC13
NS 8
DS Q
J SWH 5000.000 Hz
FIDRES 0.305176 Hz
Ny 20 3.2767999 sec
RG 147.17
DW 100.000 usec
DE 6.50 usec
TE 298.1 K
T T T T T T T T D1 1.00000000 sec
TDO 1
3.6 3.4 -2 3.0 2.8 ppm SFOL 250.1315446 MHz
| HuC1
P1 15.00 usec
PLW1 7.19999981 W
F2 - Processing parameters
SI 65536
SF 250.1300000 MHz
WOW EM
SSB 0
LB 0.30 Hz
| | GB 0
! | 1 PC 1.00
| 1!
— AN
? * 2|~ @ < ] a @
- < e o o =] ] o
T T T T T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 ppm
'H NMR spectrum in CDCls, 250 MHz, of compound 3
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Current Data Parameters
NAME mai2lhmmH1l
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
HN-N Date_ 20190521
Time 18.47 h
CO4Et INSTRUM spect
PROBHD  2105225_0009 |
| PULPROG deptspl3s
TD 32768
SOLVENT cDC13
NS 55
DS 8
SWH 15120.968 Hz
FIDRES 0.922911 Hz
20 1.0835285 sec
RG 200.6
DW 33.067 usee
DE 15.00 usec
TE 298.1 K
CNSTZ 145.0000000
" L " n T PR i sl " n " L " " D1 2.00000000 sec
e PR y v ¥ v NN y N o Al D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
SFOL1 62.9015280 MHz
NUC1 13¢C
Pl 10.00 usec
P13 2000.00 usec
PLWO 0w
PLW1 27.00000000 W
SPNAM[5] Crpé0comp.4
SPOALS 0.500
SPOFFS5 0 Hz
SPWS 4.12529993 W
sFo2 250.1310005 MHz
nuez 1H
CPDPRG [2 waltzls
B3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec
PLW2 7.19999981 W
PLW1Z 0.20000000 W
F2 - Processing parameters
ST 32768
SF 62.8952385 MHz
WDW EM
s8B 0
T T T T T T T T T T T T T T T e o .00 Bz
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppmec 1.40

DEPT135 NMR spectrum in CDCls, 63 MHz, of compound 3
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Current Data Parameters
NAME mai2lhmmH1l
EXPNO 3
PROCNQ 1
HN-N .
F2 - Acquisition Parameters
S COqEt Date_ 20190521
‘ Time 20.58 h
- INSTRUM spect
N PROBHD 2105225_0009 (
PULPROG Zgpg30
TD 32768
SOLVENT CDC13
NS 128
D3 4
SWH 15120.968 Hz
FIDRES 0.922911 Hz
AQ 1.0835285 sec
RG 200.6
DW 33.067 usec
DE 15.00 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 62.9015281 MHz
NOC1 13¢C
Pl 10.00 usec
PLW1 27.00000000 W
SF02 250.1310005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 7.19999981 W
PLW12 0.20000000 W
PLW13 0.10044000 W
F2 - Processing parameters
SI 32768
SF 62.8952520 MHz
WDW EM
SSB [o]
LB 1.00 Hz
GB o
i 110

T T T T T T T T T T T T T T T T 1

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
13C NMR spectrum in CDCls, 63 MHz, of compound 3
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5-(pyridin-3-yl)-4,5-dihydro-1H-pyrazole-3-carbonitrile

Current Data Parameters
NAME mai2lhmmH2
EXPNO 1
PROCNO 1
HN-N — -
N CN J F2 - RAcguisition Parameters
RS / Date_ 20190521
‘ ~ Time 16.18 h
INSTRUM spect
PROBHD 2105225_0009 (
PULPROG 2g30
TD 32768
SOLVENT CcDhC13
NS 8
DS Q
/ SWH 5000.000 Hz
l FIDRES 0.305176 Hz
- - 2AQ 3.2767999 sec
RINE RG 200.6
O DW 100.000 usec
M DE 6.50 usec
| o TE 298.1 K
I T T T T T T T T D1 1.00000000 sec
el 3 I 2 TDO 1
3.5 .4 3.3 3.2 3.1 3.0 2.9 ppm SFo1 250.1315446 MHz
NUC1 10
P1 15.00 usec
| PLW1 7.19999981 W
F2 - Processing parameters
SI 65536
\ grease VSWEW 250.13000};‘40 MHz
55B o
LB 0.30 Hz
GB 4]
PC 1.00
ele ol |2 ] < < <
-l ol = = - - -
[ T T T T T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 ppm
'H NMR spectrum in CDCls, 250 MHz, of compound 8
- ey -
ca K 2 ° BRUKER
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Current Data Parameters
NAME mai2lhmmH2
EXPNO 2
HN"\{ PROCNO 1
CN F2 - Acquisition Parameters
= Date_ 20190521
‘ Time 18.57 h
N/ INSTRUM spect
PROBHD  2105225_0009 (
PULPROG deptspl3s
D 32768
SOLVENT cDCl3
NS 64
DS 8
SWH 15120.968 Hz
FIDRES 0.922511 Hz
20 1.0835285 sec
RG 200.6
DW 33.067 usec
DE 15.00 usec
! " i il | ( i [T TE 298.1 K
! J ! LGN ! ' ' k-T2 145.0000000
il s M " il Al | ] | [ | ! I ahie b LEBE 2.00000000 sec
( D2 0.00344828 sec
D12 0.00002000 sec
DO 1
SFOL 62.9015280 MHz
NUCl 13¢
Pl 10.00 usec
P13 2000.00 usec
PLWO 0w
PLW1 27.00000000 W
SPNAM[5] Crpé0comp.4
SPOALS 0.500
SPOFFS5 0 Hz
SPWS 4.12529993 W
SFO2 250.1310005 MHz
NUC2 1H
CPDPRG [2 waltzlé
B3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec
PLW2 7.19999981 W
PLW1Z 0.20000000 W
F2 - Processing parameters
ST 32768
SF 62.8952385 MHz
WDW EM
s5B 0
T T T T T T T T T T T T T T T T T e o .00 Bz
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppmec 1.40

DEPT135 NMR spectrum in CDCls, 63 MHz, of compound 8
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Current Data Parameters
NAME mai2lhmmH2
EXPNO 3
PROCNO 1
HN-N F2 - Acquisition Parameters
\ CN Date_ 20190521
S Time 21.21 h
‘ INSTRUM spect
P2 PROBHD 2105225_0009 (
N PULPROG zgpg30
TD 32768
SOLVENT cDC13
NS 256
D3 4
SWH 15120.968 Hz
FIDRES 0.922911 Hz
BQ 1.0835285 sec
RG 200.6
DW 33.067 usec
DE 15.00 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 62.9015281 MHz
NUC1 13C
Pl 10.00 usec
PLW1 27.00000000 W
SFO2 250.1310005 MHz
NUC2 1H
CPDPRG [2 waltz16
PCPD2 90.00 usec
PLW2 7.19999981 W
PLW12 0.20000000 W
PLW13 0.10044000 W
F2 - Processing parameters
sI 32768
SF 62.8952421 MHz
wWoW EM
SSB [o]
|| LB 1.00 Hz
GB 0
PC 1.40

T T T T T T T T T T T T T T T T T 1

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
13C NMR spectrum in CDCls, 63 MHz, of compound 8
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Ethyl 5-(pyridin-3-yl)-4-(trifluoromethyl)-4,5-dihydro-1H-pyrazole-3-carboxylate
BRUKER
\’/ Current Data Parameters

NAME mais2lhmmH3
EXPNO 1
PROCNO 1

F2 - RAcguisition Parameters
Date_ 20190521
Time 16.23 h
INSTRUM spect
PROBHD 2105225_0009 (
PULPROG 2g30

TD 32768
SOLVENT CcDhC13

NS 8

DS Q

SWH 5000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999% sec
RG 200.6

Dw 100.000 usec
DE 6,50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
SFOl 250.1315446¢ MHz
NUC1

P1 15.00 usec
PLW1 7.19999981 W
F2 - Processing parameters
SI 65536

SF 250.1300000 MHz
WDwW EM

55B o

LB 0.30 Hz
GB 4]

PC 1.00

)
4 B

L
g

T T T T T T

e

T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 ppm

g

'H NMR spectrum in CDCls, 250 MHz, of compound 13

-69.44
-69.47

<

Current Data Parameters
NAME mais2lhmmH3

EXPNO 4
PROCNO 1
F2 - Acquisition Parameters
Date_ 20190521
HN’N\ Time 21.03 k
INSTRUM spect
= COzEt PROBHD 2105225_0009 (
| PULPROG zgflan
P> CF, TD 131072
N SOLVENT cDC13
NS 16
DS 4
SWH 56818.184 Hz
FIDRES 0.866977 Hz
I T T ] 20 1.1534336 sec
RG 200.6
-69 =70 ppm DW 8.800 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
SFO1 235.3338140 MHz
NUC1
P1 15.00 usec
PLW1 6.80000019 W
F2 - Processing parameters
sI 65536
SF 235,3573497 MHz
WOW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
1
T T T T T T I T T
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

¥F NMR spectrum in CDCls, 235 MHz, of compound 13
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Current Data Parameters
NAME mais2lhmmH3
EXPNO 2
PROCNO 1
F2 - Acguisition Parameters
Date_ 20190521
- Time 20.32 h
HN N INSTRUM spect
COoEt PROBHD  2105225_0009 (
PULPROG deptepl3s
‘ CF D 32768
N/ 3 SOLVENT cDC13
NS 128
DS 8
SWH 15120.968 Hz
FIDRES 0.922911 Hz
a0 1.0835285 sec
RG 200.6
oW 33.067 usec
DE 15.00 usec
TE 298.2 K
CNSTZ 145.0000000
Dl 2.00000000 sec
D2 0.00344828 sec
™ w et ot TP o s paan D12 0.00002000 sea
bl W ¥ w ! " y ¥ faah ¥ w e satd o alag ) il b id o paele] 1
SFOL 62.9015280 MHz
nNUcl1 13¢
Pl 10.00 usec
P13 2000.00 usec
PLWO ow
PLW1 27.00000000 W
SPNAM[5] Crpélcomp. 4
SPOALS 0.500
SPOFFS5 0 Hz
SPWS 4.12529993 W
SFO2 250.1310005 MHz
nNuc2 1H
CPDPRG [2 waltzl6
B3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec
PLW2 7.19999981 W
PLW12 0.20000000 W
F2 - Processing parameters
s1 32768
SF 62.8952385 MHz
WDW EM
55B 0
T T T T T T T T T T T T T T T T T T . .00 Hz
170 160 150 140 130 120 110 100 90 &80 70 60 50 40 30 20 ppm=c 1.40
DEPT135 NMR spectrum in CDCls, 63 MHz, of compound 13
“ oo ewveanane CoawHO N o UKER
e 25 neRAqNY g TR ARG Sy < BR
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Current Data Parameters
NAME mais2lhmmH3
_ EXPNO 3
HN N\ PROCNO 1
CO4Et
‘ F2 - Acquisition Parameters
Date 20190521
N7 CFs Time 20.46 h
INSTRUM spect
PROBHD 2105225_0009 (
PULPROG zgpg30
TD 32768
SOLVENT cDeL3
NS 256
DS 4
SWH 15120.968 Hz
FIDRES 0.922911 Hz
AQ 1.0835285 s=c
RG 200.6
DW 33.067 usec
DE 15.00 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFOl1 62.9015281 MHz
NUC1 13C
P1 10.00 usec
PLW1 27.00000000 W
SFO2 250.1310005 MHz
NUC2 1H
CPDPRG [2 waltz16
PCPD2 90.00 usec
PLW2 7.19999981 W
PLW12 0.20000000 W
PLW13 0.10044000 W
F2 - Processing parameters
sI 2768
SF 62.8952450 MHz
WDW EM
SSB ¢}
LB 1.00 Hz
GB 0
129 1.40
T T T T T T T T T T T T T T T T T 1
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

13C NMR spectrum in CDCls, 63 MHz, of compound 13
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Ethyl 5-(4-fluorophenyl)-5-methyl-4,5-dihydro-1H-pyrazole-3-carboxylate

D@0~ MO AT M W0 o el < T~ O
el e h g SRulel I3AD s BRUKER
MmN MNHMNOOCH RN SIS — O S o (R NN)
M~~~ 0 = o = oo N R B B B
N N NV VAN
NAME mai25hmmH1
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
HN’N\ Date_ 20190525
Time 19.51 h
COEt INSTRUM spect.
PROBHD 2105225_0009 {
PULPROG zg30
F TD 32768
Ve SOLVENT CDC13
) NS 8
{ I DS 0
) SWH 5000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999 sec
RG 180.02
DW 100.000 usec
DE 6.50 usec
TE 298.1 K
T T D1 1.00000000 sec
TDO 1
2.8 Ppm SFQ1 250.1315446 MHz
Nucl
P1 15.00 usec
PLW1 7.19999981 W
F2 - Processing parameters
SI 65536
SK 250.1300000 MHz
WDW EM
| SSB a
LB 0.30 Hz
GB a
| PC 1.00

@l (& S %5 ol |3

- - o ols ol |3
T T T T T T T T T T T T T T T 1
75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm

'H NMR spectrum in CDCls, 250 MHz, of compound 4

MW O RN
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W Current Data Parameters
NAME
1

mai25hmmH1
EXPNO 4
PROCNOC 1
F2 - Acquisition Parameters
HN,N Date_ 20190525
\) Time 20.35 h
COyEt INSTRUM spect
PROBHD  2105225_0009 (
PULPROG zgflan
F TD 131072
SOLVENT CDC13
NS 16
DS 4
SWH 56818.184 Hz
FIDRES 0.866977 Hz
AQ 1.1534336 sec
RG 200.6
bW 8.800 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
TDO 1
SFO1 235.3338140 MHz
NUC1
Pl 15.00 usec
PLW1 6.80000019 W
F2 - Processing parameters
SI 65536
SF 235,3573497 MHz
WhwW EM
——— T T SSB o
LB 0.30 Hz
115 116 ppm oB 5
PC 1.00
] IJvL
T T T T T T T T T
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

1F NMR spectrum in CDCls, 235 MHz, of compound 4
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Current Data Parameters
NAME mai2 ShmmH1
EXPNO 2
PROCNO 1
F2 - RAcquisition Parameters
Date_ 20190525
HN’N\ Time 20.06 h
CozEt INSTRUM spect
PROBHD  2105225_0009 (
PULPROG deptepl3s
D 32768
F SOLVENT cDC13
N8 256
DS 8
SWH 15120.968 Hz
FIDRES 0.922911 Hz
20 1.0835285 sec
RG 200.6
DW 33.067 usec
DE 15.00 usec
TE 298.2 K
CNST2 145.0000000
Dl 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
DO 1
T . " - v FUTRPRETRERRT 1 nn FoL 62.9015280 MHz
ey o Lo b e e Vi A Trrrw—*v-w‘mnucl
Pl 10.00 usec
P13 2000.00 usec
PLWO oW
PLW1 27.00000000 W
SPNAM[5) Crpélcomp.4
SPORLS 0.500
SPOFFS5 0 Hz
SPWS 4.12529993 W
SFO2 250.1310005 MHz
NuC2 1H
CPDPRG [2 waltzlé
F3 15.00 usec
P4 30.00 usec
FCPD2 90.00 usec
PLW2 7.19999981 W
PLW1Z 0.20000000 W
F2 - Processing parameters
ST 32768
SF 62.8952385 MHz
WDW EM
s5B 0
T T T T T T T T T T T T T T T T T e 0 1.00 fHz
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppmec 1.40
DEPT135 NMR spectrum in CDCls, 63 MHz, of compound 4
©~ o ~ oo o
i . . : @« - © - ®
ST T T 7 3 - : BRUKER
Vv e
Current Data Parameters
NAME mai25hmmH1
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
HN—N Date_ 20190525
A\ Time 20.33 h
COzEt INSTRUM spect
PROBHD 2105225_0009 (
PULPROG zgpg30
F TD 32763
SOLVENT CDCL3
NS 512
DS 4
SWH 15120.968 Hz
FIDRES 0.922911 Hz
AQ 1.0835285 sec
RG 200.6
DW 33.067 usec
DE 15.00 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFOl1 62.9015281 MHz
NOC1 13C
P1 10.00 usec
PLW1 27.00000000 W
SF02 250.1310005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 7.19999981 W
PLW12 0.20000000 W
PLW13 0.10044000 W
F2 - Processing parameters
SI 2768
SF 62.8952440 MHz
WDW EM
SSB o
LB 1.00 Hz
GB a
139 1.40
T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

13C NMR spectrum in CDCls, 63 MHz, of compound 4
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5-(4-fluorophenyl)-5-methyl-4,5-dihydro-1H-pyrazole-3-carbonitrile

MOS0 Mo ™ S
MmO MHAO0OCOoO000Co o 0
I el el ol S ol o S ™ —

o)
BRUKER
(L ><)

Current Data Parameters

NAME mai25ShmmH2
EXPNO 1
PROCNO 1
HN’N F2 - Acquisition Parameters
“—CN Date_ 20190525
Time 21.15 h
— INSTRUM spect
PROBHD 2105225_0009 (
F PULPROG 2930
TD 32768
SOLVENT CcDhC13
NS 8
I DS Q
SWH 5000.000 Hz
| | FIDRES 0.305176 Hz
AQ 3.2767999% sec
o) RG 180.02
o2l DW 100.000 usec
M DE 6,50 usec
B TE 298.1 K
T T T T T D1 1.00000000 sec
3.4 3.2 3.0 2.8 ppm e !
SFOl 250.1315446¢ MHz
NUC1
P1 15.00 usec
PLW1 7.19999981 W
F2 - Processing parameters
SI 65536
SF 250.1300000 MHz
WDwW EM
55B
LB 0.30 Hz
W GB
| PC 1.00

d

T T T T T T T T T T T T T T T T
75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm

'H NMR spectrum in CDCls, 250 MHz, of compound 9

WO T WO~
N WY WY WWYWwY
T T T T
B B B B B B B B |
Lo B Mo B B B B B B
| S A S R R

Current Data
NAME

Parameters

mai25hmmH2
EXPNO 4
PROCNOC 1
HN’N F2 - Acquisition Parameters
\ CcN Date_ 20190525
Time 21.58 h
INSTRUM spect
PROBHD 2105225_0009 (
F PULPROG zgflan
TD 131072
SOLVENT CDC13
NS 16
DS 4
SWH 56818.184 Hz
FIDRES 0.866977 Hz
I T T T ] aQ 1.1534336 sec
RG 200.6
-114.5 -115.0 -115.5 ppm bW 3.800 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
TDO 1
SFO1 235.3338140 MHz
NUC1
Pl 15.00 usec
PLW1 6.80000019 W
F2 - Processing parameters
SI 65536
SF 235,3573497 MHz
WhwW EM
SSB
LB 0.30 Hz
GB
PC 1.00
\
T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 100 -110 -120 ppm

1F NMR spectrum in CDCls, 235 MHz, of compound 9
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Current Data Parameters
NAME mai2 ShmmH2
EXPNO 2
PROCNO 1
HN’N F2 - Acquisition Parameters
B\ Date_ 20190525
CN Time 21.29 h
INSTRUM spect
PROBHD  2105225_0009 (
E PULPROG deptepl3s
D 32768
SOLVENT CDC13
N8 256
DS 8
SWH 15120.968 Hz
FIDRES 0.922911 Hz
20 1.0835285 sec
RG 200.6
DW 33.067 usec
DE 15.00 usec
TE 298.1 K
CNST2 145.0000000
Dl 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
DO 1
SFOL 62.9015280 MHz
" T NUC1 13C
Pl 10.00 usec
P13 2000.00 usec
PLWO oW
PLW1 27.00000000 W
SPNAM[5) Crpélcomp.4
SPORLS 0.500
SPOFFS5 0 Hz
SPWS 4.12529993 W
SFO2 250.1310005 MHz
NuC2 1H
CPDPRG [2 waltzlé
F3 15.00 usec
P4 30.00 usec
FCPD2 90.00 usec
PLW2 7.19999981 W
PLW1Z 0.20000000 W
F2 - Processing parameters
ST 32768
SF 62.8952385 MHz
WDW EM
s5B 0
T T T T T T T T T T T T T T T e 0 1.00 fHz
150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppmec 1.40
DEPT135 NMR spectrum in CDCls, 63 MHz, of compound 9
Gl SRR b b . ; . BRUKER
38 SS Sa 8233 2 @ o R
v VIV [ (O
Current Data Parameters
NAME mai25hmmH2
EXPNO 3
PROCNO 1
HN’N F2 - Rcquisition Parameters
Y—CN Date_ 20190525
Time 21.56 h
INSTRUM spect
PROBHD 2105225_0009 (
F PULPROG Zgpy30
TD 32763
SOLVENT CDCL3
NS 512
DS 4
SWH 15120.968 Hz
FIDRES 0.922911 Hz
AQ 1.0835285 sec
RG 200.6
DW 33.067 usec
DE 15.00 usec
TE 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFOl1 62.9015281 MHz
NOC1 13C
P1 10.00 usec
PLW1 27.00000000 W
SF02 250.1310005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 7.19999981 W
PLW12 0.20000000 W
PLW13 0.10044000 W
F2 - Processing parameters
SI 2768
SF 62.8952465 MHz
WDW EM
SSB o
LB 1.00 Hz
GB a
i " " " o " PC 1.40
r' y 4 s " Wy Lkt W ; WA i

T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60

13C NMR spectrum in CDCls, 63 MHz, of compound 9

50 40 30 20 ppm
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5-(4-fluorophenyl)-5-methyl-3-(phenylsulfonyl)-4,5-dihydro-1H-pyrazole

COO0OMNOFWVWWYWOMNMm®MANO OO — oo n
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=S - — e NN

NAME dez18hmmH2
| EXPNO 1

PROCNO 1
F2 - RAcguisition Parameters
Date_ 20191218
Time 20.11 h
INSTRUM spect

F PROBHD 2105225_0009 (
PULPROG 2g30
TD 32768
SOLVENT CcDhC13
NS 8
DS Q
SWH 5000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999% sec
RG 200.6
Dw 100.000 usec
DE 6,50 usec
TE 298.2 K
D1 1.00000000 sec
TDO 1
SFOl 250.1315446¢ MHz
NUC1
P1 15.00 usec
PLW1 7.19999981 W
F2 - Processing parameters
SI 65536
SF 250.1300000 MHz
WDwW EM

I SSB 0
LB 0.30 Hz

| GB 0

PC 1.00

J o

©
e
o

Y

B 1 I - I

T T T T T T T
95 90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 ppm

'H NMR spectrum in CDCls, 250 MHz, of compound 19
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W Current Data Parameters

NAME mai25shmmH5
EXPNO 4
PROCNO 1
HN h{ ”,O F2 - Acquisition Parameters
S~ Date_ 20190525
Time 19.47 h
INSTRUM spect
F PROBHD 2105225_0009 ¢
PULPROG zgflgn
D 131072
SOLVENT CDC13
NS 16
DS 4
SWH 56818.184 Hz
FIDRES 0.866977 Hz
AQ 1.1534336 sec
RG 200.6
Dw 8.800 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
TDO 1
SFCl 235.3338140 MHz
NUC1 19F
P1 15.00 usec
PLW1 6.80000019 W
F2 - Processing parameters
sI 65536
SK 235.3573497 MHz
WDW EM
SSB o}
LB 0.30 Hz
GB Q
PC 1.00
T T T 1
-114.5 -115.0 -115.5 ppm
T T T T T T T T T
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

F NMR spectrum in CDCls, 235 MHz, of compound 19
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Current Data Parameters
NAME mai2 ShmmHS
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
HN'N 9 Date_ 20190525
W»—g=0 Time 15.17 h
INSTRUM spect.
PROBHD  2105225_000% (
PULPROG deptspl35
F ™ 32768
SOLVENT cpel3
NS 128
DS 8
SWH 15120.968 Hz
FIDRES 0.922911 Hz
AQ 1.0835285 sec
RG 200.6
DW 33.067 usec
DE 15.00 usec
TE 298.2 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
DO 1
sFol 62.5015280 MHz
NUCl 13¢
Pl 10.00 usec
I " Lok i ik . e Ak Y " PR L P13 2000.00 usec
¥ " Voo e " Lkl aiia ) ‘" L o ¥eLwO W
PLW1 27.00000000 W
SPNAM(5] Crpé0comp. 4
SPOALS 0.500
SPOFFSS Hz
SPWS 4.12529993 W
SFO2 250.1310005 MHz
NUC2 1H
CPDPRG (2 waltzlé
P3 15.00 usee
P4 30.00 usec
PCED2 $0.00 usec
PLW2 7.19999981 W
PLW12 0.20000000 W
F2 - Processing parameters
s1 32768
SF 62.8952385 MHz
WDW EM
s5B
T T T T T T T T T T T T T T T T T e 1.00 Hz
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppmec 1.40
DEPT135 NMR spectrum in CDCls, 63 MHz, of compound 19
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Current Data Parameters
NAME maizShmmH5
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
o Date_ 20190525
HN-N I Time 19.45 h
NH—g=0 INSTRUM spect
PROBHD 2105225_0009 (
PULPROG zgpg30
TD 32768
F SOLVENT CDCL3
NS 512
DS 4
SWH 15120.968 Hz
FIDRES 0.922211 Hz
AQ 1.0835285 sec
RG 200.6
DW 33.067 usec
DE 15.00 usec
TE 298.1 K
DL 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 62.9015281 MHz
juls[eh Y
Pl 10.00 usec
PLW1 27.00000000 W
SF02 250.1310005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 50.00 usec
PLW2 7.19999981 W
PLW12 0.20000000 W
PLW13 0.10044000 W
F2 - Processing parameters
SI 32768
SF 62.8952385 MHz
WDW EM
558 0
LB 1.00 Hz
‘ J GB 0
" b | y . " i | l pC 1.40
" g ol L) Y - v s y
T T T T T T T T T T T T T T T T T 1
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

13C NMR spectrum in CDCls, 63 MHz, of compound 19

S47



Ethyl 5-methyl-5-phenyl-4,5-dihydro-1H-pyrazole-3-carboxylate
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Current Data Parameters

NAME mail28hmmHl
EXPNO 1
PROCNO 1
F2 - RAcguisition Parameters
HN-N Date_ 20190528
Time 17.24 h
COzEt INSTRUM spect
PROBHD  2105225_0009 (
PULPROG 2930
TD 32768
- SOLVENT cDC13
/ NS 8
/ DS 0
A SWH 5000.000 Hz
L ] FIDRES 0.305176 Hz
- 20 3.276799% sec
N[ RG 114.73
@0 DW 100.000 usec
M DE 6.50 usec
! TE 298.1 K
I T T T T T ] D1 1.00000000 sec
3.3 3.2 3.1 3.0 2.9 ppm oo 1
SFOL 250.1315446 MHz
NUC1 10
P1 15.00 usec
PLW1 7.19999981 W
F2 - Processing parameters
SI 65536
SF 250.1300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
| \ PC 1.00
N | .
. I L
~ - «Q S|4
w o - CIRG
T T T T T T T T T T T T T T 1
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 ppm
'H NMR spectrum in CDCls, 250 MHz, of compound 14
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Current Data Parameters
NAME agol2hmmHl
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date_ 20190813
HN-N, Time 3.00 h
INSTRUM spect
COgEt PROBHD  2105225_0009 |
PULPROG deptspl35
™ 32768
SOLVENT cpel3
NS 256
LE] 8
SWH 15120.968 Hz
FIDRES 0.922911 Hz
29 1.0835285 sec
RG 200.6
DW 33.067 usec
DE 15.00 usec
TE 298.2 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
sFOL 62.9015280 MHz
NUC1 13¢C
i | " it Bk e P 10.00 usec
! ) ULIE 1 ik { 171 1] 2000.00 usec
il Ll g lbl L I Gkl PLWO ]
PLWL 27.00000000 W
SPNAM[5] Crpé0comp.4
SPOALS 0.500
SPOFFS5 0 Hz
SPWS 4.12529993 W
sFo2 250.1310005 MHz
nucz 1H
CPDPRG [2 waltzlé
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec
PLW2 7.19999981 W
PLW12 0.20000000 W
F2 - Processing parameters
sT 32768
sF 62.8952385 MHz
WDW EM
sSB 0
b
T | | T | | T \ T | | T \ | T | T = o 100 Ba
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppmec 1.40

DEPT135 NMR spectrum in CDCl3, 63 MHz, of compound 14
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Current Data Parameters
NAME agol3hmmH1
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
H ~N Date_ 20190813
Time 13.34 h
CO,Et INSTRUM spect
PROBHD 2820201_0179 (
PULPROG zgpg30
TD 32768
SOLVENT CDC13
us 1024
DS 4
SWH 24038.461 Hz
FIDRES 1.467191 Hz
AQ 0.6815744 sec
RG 203
DW 20.800 usec
DE 10.00 usec
TE 298.2 K
D1 1.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 100.6354031 MHz
NUC1
Pl 12.50 usec
PLW1 89.69999695 W
SFO2 400.1816007 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 11.30000019 W
PLW12 0.09495100 W
PLW13 0.07691100 W
F2 - Processing parameters
ST 65536
SF 100.6253410 MHz
WDW EM
SSB 0
LB 1.00 Hz
B 0
C 1.40

T T T T T T T T T T T T T T T T T 1
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

13C NMR spectrum in CDCls, 100 MHz, of compound 14
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5-methyl-5-phenyl-4,5-dihydro-1H-pyrazole-3-carbonitrile

7.41
7.40
7.39
7.38
7.36
7.35
7.34
7.33
7.33

3.05

1.65

Current Data Parameters

NAME mai28hmmH2
EXPNO 1
PROCNO 1
HN-N F2 - Acquisition Parameters
Date_ 20190528
Time 17.29 h
INSTRUM spect
PROBHD 2105225_0009 (
PULPROG 2g30
TD 32768
SOLVENT CcDhC13
NS 8
DS Q
SWH 5000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999% sec
RG 162.14
Dw 100.000 usec
DE 6,50 usec
TE 298.1 K
D1 1.00000000 sec
T T T T T TDO 1
3.2 3.1 3.0 2.9 rpm SFOl 250.1315446¢ MHz
NUC1 10
P1 15.00 usec
PLW1 7.19999981 W
F2 - Processing parameters
SI 65536
SF 250.1300000 MHz
WDwW EM
55B o
LB 0.30 Hz
GB 4]
PC 1.00
N
7mr rﬂ ﬁ
S 3 3
6 o o
T T T T T T T T T T T T T T T T
75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm
'H NMR spectrum in CDCls, 250 MHz, of compound 18
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Current Data Parameters
NAME agol2hmmH2
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
HN'N\ Date_ 20190813
CN Time 3.47 h
INSTRUM spect
PROBHD  2105225_0009 (
PULPROG deptspl3s
D 32768
SOLVENT cDCl3
NS 256
DS 8
SWH 15120.968 Hz
FIDRES 0.922511 Hz
20 1.0835285 sec
RG 200.6
DW 33.067 usec
DE 15.00 usec
TE 298.2 K
CNSTZ 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
b i it | | il " il i bl ) Y i sFoL 62.9015280 MHz
bl " 1 1 i [ I Lyl b bl ] ik t " ' ucl 13¢
v Pl 10.00 usec
P13 2000.00 usec
PLWO 0w
PLW1 27.00000000 W
SPNAM[5] Crpé0comp.4
SPOALS 0.500
SPOFFS5 0 Hz
SPWS 4.12529993 W
SFO2 250.1310005 MHz
NUC2 1H
CPDPRG [2 waltzlé
B3 15.00 usec
P4 30.00 usec
PCPDZ 90.00 usec
PLW2 7.19999981 W
PLW1Z 0.20000000 W
F2 - Processing parameters
ST 32768
SF 62.8952385 MHz
WDW EM
s5B 0
T T T T T T T T T T T T T T T T T e o 1.00 Az
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppmec 1.40

DEPT135 NMR spectrum in CDCls, 63 MHz, of compound 18
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Current Data Parameters
NAME agol3hmmH2
EXPNO 2
PROCNO 1
HN-N F2 - Acquisition Parameters
N CN Date_ 20190813
Time 14.08 h
INSTRUM spect
PROBHD 2820201_0179 (
PULPROG zgpg30
TD 32768
SOLVENT CDC13
us 1024
DS 4
SWH 24038.461 Hz
FIDRES 1.467191 Hz
AQ 0.6815744 sec
RG 203
DW 20.800 usec
DE 10.00 usec
TE 298.2 K
D1 1.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 100.6354031 MHz
NUC1
Pl 12.50 usec
PLW1 89.69999695 W
SFO2 400.1816007 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 11.30000019 W
PLW12 0.09495100 W
PLW13 0.07691100 W
F2 - Processing parameters
ST 65536
SF 100.6253410 MHz
WDW EM
SSB 0
B 1.00 Hz
B 0
C 1.40
T T T T T T T T T T T I T T T T T 1
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

13C NMR spectrum in CDCls, 100 MHz, of compound 18



Ethyl 5-(furan-2-yl)-4,5-dihydro-1H-pyrazole-3-carboxylate

7.38
7.38
7.38
6,34
6.34
6.33
6.32
6.25
6.24

Current Data Parameters
NAME jull3hmmH1_A
EXPNO 1
PROCNO 1
F2 - RAcguisition Parameters
N Date_ 20190713
HN- N Time 19.05 h
o CO,Et INSTRUM spect
PROBHD  2105225_0009 (
N\ PULPROG 2930
TD 32768
SOLVENT cDC13
NS 16
DS 0
SWH 5000.000 Hz
FIDRES 0.305176 Hz
20 3.276799% sec
RG 200.6
DW 100.000 usec
M DE 6.50 usec
! | TE 298.1 K
I T T T T ] D1 1.00000000 sec
TDO 1
3.4 3.3 3.2 3.1 ppm SFO1 250.1315446 MHz
NUC1 10
P1 15.00 usec
PLW1 7.19999981 W
F2 - Processing parameters
SI 65536
h SF 250.1300000 MHz
WDW EM
SSB 0
| LB 0.30 Hz
[ GB 0
i PC 1.00
| I
I .
« ] b 9 N N ]
o cle o - - o
T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 05 ppm
'H NMR spectrum in CDCls, 250 MHz, of compound 5
- - . m ™ — L]
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Current Data Parameters
NAME Jjull3hmmH1_A
EXPNO 2
FPROCNO 1
F2 - Acquisition Parameters
Date_ 20190713
HN-N Time 19.09 h
A\ INSTRUM spect
[e] COZEt PROBHD 2105225_0009 {
PULPROG deptspl3s
\§ | ™ 32768
SOLVENT CDC13
NS 64
Ds 8
SWH 15120.968 Hz
FIDRES 0.9229%11 Hz
AQ 1.0835285 sec
RG 200.6
DwW 33.067 usec
DE 15.00 usec
TE 298.2 K
L J  CNSTZ 145.0000000
) J M ' i vy ' L - | 2.00000000 sec
J " ' ! \ ' D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
SFO1 62.9015280 MHz
NUC1 13¢C
Pl 10.00 usec
P13 2000.00 usec
PLWO 0w
PLWL 27.00000000 W
SPNAM[5] Crpé0comp.4
SPOALS 0.500
SPOFFS5 0 Hz
SPW5 4.12529993 W
SFO2 250.1310005 MHz
NUC2 1H
CPDPRG [2 waltzlé
P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec
PLW2 7.19999981 W
PLW12 0.20000000 W
F2 - Processing parameters
8T 32768
SF 62.8952385 MHz
WDW EM
S8B 0
T T T T T T T T T T T T T T T T T e o 1.00 Hz
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppmec 1.40

DEPT135 NMR spectrum in CDCls, 63 MHz, of compound 5
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Current Data Parameters
NAME jull3hmmH1_A
EXPNO 3
PROCNQ 1
F2 - Acquisition Parameters
N Date_ 20190713
HN- 2 Time 12.30 h
Io) CO,Et INSTRUM spect
PROBHD 2105225_0009 (
\ PULPROG Zgpg30
TD 32768
SOLVENT CDC13
NS 384
DS 4
SWH 15120.968 Hz
FIDRES 0.922911 Hz
AQ 1.0835285 sec
RG 200.6
DW 33.067 usec
DE 15.00 usec
TE 298.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 62.9015281 MHz
NOC1 13¢C
Pl 10.00 usec
PLW1 27.00000000 W
SF02 250.1310005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 7.19999981 W
PLW12 0.20000000 W
PLW13 0.10044000 W
F2 - Processing parameters
SI 32768
SF 62.8952385 MHz
WDW EM
SSB [o]
LB 1.00 Hz
GB o
PC 1.40

T T T T T T T T T T T T T T T T T 1

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
13C NMR spectrum in CDCls, 63 MHz, of compound 5
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5-(furan-2-yl)-4,5-dihydro-1H-pyrazole-3-carbonitrile

7.40
7.40
6.37
6.36
6.36
6.35
6.29
6.27

<

HN-N
CN

<)
BRUKER
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Current Data Parameters

NAME jull3hmmH2_B
EXPNO 1
PROCNO 1

F2 - RAcguisition Parameters
Date_ 20190713
Time 19.35 h
INSTRUM spect
PROBHD 2105225_0009 (
PULPROG 2g30

TD 32768
SOLVENT CcDhC13

NS 16

DS Q

SWH 5000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999% sec
RG 200.6

Dw 100.000 usec
DE 6,50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
SFOl 250.1315446¢ MHz
NUC1

P1 15.00 usec
PLW1 7.19999981 W
F2 - Processing parameters
SI 65536

SF 250.1300000 MHz
WDwW EM

55B o

LB 0.30 Hz
GB 4]

PC 1.00

L L * o
= sle S o
T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 05 ppm
'H NMR spectrum in CDCls, 250 MHz, of compound 10
3 o K 2 BRUKER
: s : : R
— — "y Ll
Current Data Parameters
NAME Sull3hmmHE2_B
EXPNO
PROCNO
F2 - Acquisition Parameters
HN-N, Date_ 20190713
Y—cN Time 20.10 h
(0] INSTRUM spect.
\ [ PROBHD 2105225_0009
PULPROG deptspl3s
™ 32768
SOLVENT cpels
NS 128
DS 8
SWH 15120.968 Hz
FIDRES 0.922911 Hz
20 1.0835285 sec
RG 200.6
DW 33.067 usec
DE 15.00 usec
" ek " . " TE 298.1 K
v CNST2 145.0000000
bl 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
DO 1
SFOL 62.9015280 MHz
NUC1l 13¢C
Bl 10.00 usec
P13 2000.00 usec
PLWO 0w
PLWL1 27.00000000 W
SPNAM[5] Crpé0comp.4
SPOALS 0.500
SPOFFS5 0 Hz
SPWS 4.12529993 W
sFo2 250.1310005 MHz
NUc2 1H
CPDPRG [2 waltzlé
P3 15.00 useec
P4 30.00 usec
PCPD2 90.00 usec
PLWZ 7.19999981 W
PLW12 0.20000000 W
F2 - Processing parameters
ST 32768
sF 62.8952385 MHz
WDW EM
ssB 0
T T T T T T T T T T T T T T T T T e o .00 Bz
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppmec 1.40

DEPT135 NMR spectrum in CDCls, 63 MHz, of compound 10
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Current Data Parameters
NAME jull3hmmH2_B
EXPNO 3
PROCNO 1
HN-N F2 - Acquisition Parameters
Y—CN Date_ 20190713
o Time 20.02 b
\ | INSTRUM spect
PROBHD 2105225_0009 (
PULPROG zgpg30
TD 32768
SOLVENT cDCl3
NS 512
D3 4
SWH 15120.968 Hz
FIDRES 0.922911 Hz
BQ 1.0835285 sec
RG 200.6
DW 33.067 usec
DE 15.00 usec
TE 298.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 62.9015281 MHz
NUC1 13C
Pl 10.00 usec
PLW1 27.00000000 W
SFO2 250.1310005 MHz
NUC2 1H
CPDPRG [2 waltz16
PCPD2 90.00 usec
PLW2 7.19999981 W
PLW12 0.20000000 W
PLW13 0.10044000 W
F2 - Processing parameters
sI 32768
SF 62.8952424 MHz
wWoW EM
SSB [o]
LB 1.00 Hz
GB 0
IR RT T VR FPRPIRR (T " PP RET L PC 1.40
o y A Sy g Lo Wk g g Liaa " "
T T T T T T T T T T T T T T 1
170 160 150 140 130 120 110 100 90 80 70 60 40 30 20 ppm

13C NMR spectrum in CDCls, 63 MHz, of compound 10
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Ethyl 5-(furan-2-yl)-4-(trifluoromethyl)-4,5-dihydro-1H-pyrazole-3-carboxylate

Current Data Parameters

NAME agol0hmmH4
EXPNO 1
PROCNC 1
F2 - Acquisition Parameters
Date_ 20190810
Time 21.17 h
INSTRUM spect
PROBHD 2105225_0009 (
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 16
Ds 0
SWH 5000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999 sec
RG 200.6
DW 100.000 usec
DE 6.50 usec
I TE 298.1 K
D1 1.00000000 sec
I T T T T 1 TDO 1
SFOL1 250.1315446 MHz
4.4 h.3 4.2 4.1 ppm sro1 48
Pl 15.00 usec
PLWL 7.19999981 W
| | F2 - Processing parameters
SI 65536
SE' 250.1300000 MHz
WDW EM
SSB 0
I | LB 0.30 Hz
GB 0
h PC 1.00
[
L
olo ol-lolclole - alll~ |-
T T T T T T T T T T T T T T T T I
80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm

'H NMR spectrum in CDCls, 250 MHz, of compound 15 (mixture of diastereoisomers)

-76.29

O
™
o
~
|

%

| EXPNO
PROCNC

Date_
Time
INSTRUM
PROBHD

A\
CO,Et
0 PULPROG
A\ CF4 TD

SOLVENT

T

77.49
22.51

-20 -40 -60 -80 -100 -120 -140 -160 ppm

F NMR spectrum in CDCls, 235 MHz, of compound 15 (mixture of diastereoisomers)

Current Data
NAME

Parameters

agol0hmmH4
4
1

F2 - Acquisition Parameters

201%0811
1.29 h
spect
2105225_0009 (
zgflan
131072
CDC13
32

4
56818.184 Hz
0.866977 Hz
1.1534336 sec
200.6
8.800 usec
6.50 usec
298.2 K
1.00000000 sec

1
235.3338140 MHz

15.00 usec
6.80000019 W

Processing parameters

65536
235,3573497 MHz
EM
[¢]
0.30 Hz
0
1.00
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Current Data Parameters

111.6
111.2
110.7
53.5
53.0
52.8
52.6
14.1
14.0

_—144.0
T—143.6
[
~—
T~107.7
=
54
<

NAME agolOhmmH4
EXPNO 2
PROCNO 1
HN’N\ F2 Acquisition Parameters
o] COZEt Date_ 201%0810
Time 23.3% h
\ | CF. INSTRUM spect
8 PROBHD 2105225_0009 ¢
PULPROG deptspl3s
TD 32768
SOLVENT CDC13
N8 1024
DS 8
SWH 15120.968 Hz
FIDRES 0.922911 Hz
AQ 1.0835285 sec
RG 200.6
DwW 33.067 usec
DE 15.00 usec
TE 298.2 K
CNST2 145.0000000
Dl 2.00000000 sec
D2 0.00344828 sec
W AN 12 0.00002000 sec
DO 1
SFO1l 62.9015280 MHz
NUC1 13C
Pl 10.00 usec
P13 2000.00 usec
PLWO 0w
PLW1 27.00000000 W
SPNAM[5) Crpélcomp.4
SPORLS 0.500
SPOFFS5 0 Hz
SPW5 4.12529993 W
SFO2 250.1310005 MHz
NUC2 1H
CPDPRG [2 waltzlé
F3 15.00 usec
P4 30.00 usec
FCPD2 90.00 usec
PLW2 7.19999981 W
PLW1Z 0.20000000 W
F2 - Processing parameters
ST 32768
SF 62.8952385 MHz
WDW EM
SSB 0
LB 1.00 Hz
T T T T T T T T T T T T T T T T ‘GB 0
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppmec 1.40

DEPT135 NMR spectrum in CDCls, 63 MHz, of compound 15 (mixture of diastereoisomers)
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Current Data Parameters
NAME agol0hmmH4
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date_ 20190811
Time 1.27 h
HN'N\ INSTRUM spect
o CO,Et PROBHD  2105225_0009 |
l, PULPROG zgpg30
TD 32763
\ CFs SOLVENT cDel3
NS 2048
DS 4
SWH 15120.968 Hz
FIDRES 0.922911 Hz
AQ 1.0835285 sec
RG 200.6
DW 33.067 usec
DE 15.00 usec
TE 298.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFOl1 62.9015281 MHz
NOC1 13C
P1 10.00 usec
PLW1 27.00000000 W
SF02 250.1310005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 7.19999981 W
PLW12 0.20000000 W
PLW13 0.10044000 W
F2 - Processing parameters
SI 32768
SF 62.8952351 MHz
WDW EM
SSB o
LB 1.00 Hz
GB a
129 1.40

T T T T T T T T T T T T T T T T T 1
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

13C NMR spectrum in CDCls, 63 MHz, of compound 15 (mixture of diastereoisomers)
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5-(furan-2-yl)-3-(phenylsulfonyl)-4,5-dihydro-1H-pyrazole

OV NDOMNMMAOCANDL OO ™m 0~ O W0
MWWV MHMHMMHMmONAA —HO OO (")MNN(\]v—{.—{-[:]! BRUKER
[l e el e e el = J e B IV RV IV R To W To WVo RToY MMM M ™M
\\\\//% W \V/ l\‘\\/ﬂ// Current Data Parameters
NAME agolOhmmH5
EXPNO 1
PROCNO 1
HN N\ F2 - RAcguisition Parameters
o) Date_ 20190811
Time 1.35 h
\Y I INSTRUM spect
PROBHD 2105225_0009 (
PULPROG 2g30
D 32768
SOLVENT CcDhC13
NS 32
DS Q
SWH 5000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999% sec
RG 200.6
DW 100.000 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
| TDO 1
SFOl 250.1315446¢ MHz
NUCl
P1 15.00 usec
| PLW1 7.19999981 W
| | F2 - Processing parameters
SI 65536
| SF 250.1300000 MHz
WDwW EM
55B o
A I LB 0.30 Hz
GB 4]
i PC 1.00
J . o aha l JL
« Nl = ] 9 ]
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