SUPPORTING MATERIAL

Synthesis of Imidazo[4,5-c]pyrazoles via Copper-Catalyzed Amidine

Cyclization.
Kostiantyn Liubchak*?, Andrey Tolmachev® and Kostiantyn Nazarenko®

“Institute of Organic Chemistry of NAS of Ukraine, 5 Murmanska str., Kyiv,
02094, Ukraine
®Research and Development Center for Chemistry and Biology, National Taras

Shevchenko University of Kyiv, 62 Volodymyrska str., Kyiv, 01033, Ukraine

Corresponding author: kliubchak@gmail.com

Content

'H and *C NMR spectra for compound Page
4a S3
4b S4
4c S5
4d S6
4e S7
4f S8
49 S9
4h S10
4i S11
4 S12
4k S13
4] S14
2a S15
2b S16
2C S17

S1



'H and *C NMR spectra for compound Page

2e S19
2f S20
29 S21
2h S22
2i S23
2] S24
2k S25
2l S26
la S27
1b S28
1c S29
1d S30
le S31
1f S32
19 S33
1h S34
1i S35
1j S36
1k S37
1l S38
6a S39
6b S40

S2



4680
2880
28M1
1941

A\ -
phik-132 bN N

7.796
7.781
7.563

7.229
T4

7194
7180

| \
[ i
’Ibl |__,/'\
__J'r - \-__..-J 0
3 8| Ell 2

! ,."L S | f | 4
¥ -
U | W, ) L_.'lluw e e J!\I I | G | S | __JL_ e e e o
EREEEY 3 5| '8
b Y g | vl I = = @ | e

L L I A L L L LR e L L L L L S R R R AR RN EE AR RS AR N

20

File name: phik-132 SF: 5000680 MHz NSC: 1 PW: 0.00 usec, RG: 40 Si: 32768

Date: 01-Jun-2010 SW: 8013 Hz TE 682K AQ: 204 sec, RD: 0.00 sec Parameter file, X\WIN-NMR  Version 3.5
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File name: phik-132-C13 Operator; root SF: 125.7422 MHz NSC: 227 PW: 0.00 usec, RG: 51200 Sl 65538
Date: 01-Jun-2010 Solvent dmso-dé SW. 32680 Hz TE 882K AQ: 1.57 sec, RD: 0.00 sec Parameter file, XWIN-NMR  Version 3.5
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Date: 20-Oct-2010 Solvent DMSO SW: 32680 Hz TEOK AQ: 1.57 sec, RD: 0.00 sec Parameter file, XWIN-NMR  Version 3.5
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File name: PHIk-133 Operator: root SF; 500.0880 MHz NSC: 1 PW: 0.00 usec, RG: 40 SI. 32768
Date: 10-Jun-2010 Solvent DMSO SW 803 Hz TE: 882K AQ: 204 sec, RD: 0.00 sec Parameter file, X\WIN-NMR  Version 3.5
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File name: PHLK-133-C13 Qperator, roct SF: 1257422 MHz NSC: 912 PW: 0.00 usec, RG: 16384 SlI: 85536
Date: 10-Jun-2010 Solvent dmso SW. 32680 Hz TE 682 K A 1.57 sec, RD: 0.00 sec Parameter file, X\WIN-NMR  Version 3.5
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File name: PHIK-250.fid Operator: SF: 389.9703 MHz NSC:0 PW 7.50 usec, RG: 32 S1: 32768
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Date: 07-MNov-2011 Solvent: dmso SW: 32680 Hz TEOK AQ: 1.57 sec, RD: 0.00 sec
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File name: phlk-337c-C13 Operater. root SF: 125.7422 MHz NSC: 1040 PW: 0.00 usec, RG: 51200 Sl: 65538
Date: 22-Feb-2011 Solvent CDCIZ SW 32680 Hz TE:OK AQ: 1.57 sec, RD: 0.00 sec Parameter file, XWIN-NMR  Version 3.5
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File name: PHIk-254 Operator. root SF: 500.0680 MHz NSC: 1 PW: 0.00 usec, RG: 32 Sl 32768 |
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Date: 07-Sep-2010 Solvent CDCI3 SW 32680 Hz TE OK ACr 1,57 sec, RD: 0.00 sec Parameter file, XWIN-NMR  Version 3.5
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File name: phik-170 Operator: root SF: 5000680 MHz NSC: 1 PW. 0.00 usec, RG: 40 Si: 32788
Date: 07-Sep-2010 TE 883K AQ: 204 sec, RD: 0.00 sec Parameter file, X)WIN-NMR  Version 3.5
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File name: phik-170-C13 Operator: roat SF: 125.7422 MHz NSC: 716 PW: 0.00 usec, RG: 51200 Sl 65538
Date: 07-Sep-2010 Solvent dmso SW 32680 Hz TE 883K AQ: 1.57 sec, RD: 0.00 sec Parameter file, XWIN-NMR  Version 3.5
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Date: 10-Sep-2010 Solvent CDCI3 SW 8013 Hz TE:OK AQ: 2.04 sec, RD: 0.00 sec Parameter file, XWIN-NMR  Version 3.5
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File name: PHIk-153-C13 Operator. root SF: 125.7422 MHz NSC: 1024 PW. 0.00 usec, RG: 51200 SI 85536
Date: 28-Sep-2010 Solvent CDCI3 SW 32680 Hz TE: 882K AQ: 1.57 sec, RD: 0.00 sec Parameter file, XWIN-NMR  Version 3.5
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Date: 08-Sep-2010 Solvent CDCI3 SW 32680 Hz TE: 882K AQ: 1.57 sec, RD: 0.00 sec Parameter file, XWIN-NMR  Version 3.5
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Date: 25-Feb-2011 Solvent: cdci3 SW: 6303 Hz TE 203K AQ: 1.33 sec, RD: 0.00 sec |
| | |
£ ¢ 58 a3 2zs88 3 g
B EE 8§ anEay ¢ 2
| ( [
PHIk-230c-C13 @
Br
ba
2i
—-vwhandn lv e N [W A o AT wmon oy e
H 1 120 100 50
File name: PHIk-230c-C13 Cperator: root SF: 125.7422 MHz NSC: 214 PW: 0.00 usec, RG: 51200 Sl; 65536
Date: 08-Jun-2011 Solvent CDCI2 SW 32680 Hz TE 682K AQ: 1.57 sec, RD: 0.00 sec Parameter file, XWN-NMR  Version 3.5
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File name: PHIK-257 fid Operator SF: 399.9683 MHz NSC: 0 PW: 7.50 usec, RG: 32 Sl 32768
Date: 10-Nov-2010 Solvent cdel3 SW: 6803 Hz TE 203K AQ: 1.33 sec, RD: 0.00 sec
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File name: PHIK-257-C13 Operator. roct SF: 125.7422 MHz NSC: 491 PW. 0.00 usec, RG: 51200 SI: 65536
Date: 17-Nov-2010 Solvent COCI3 SW: 32680 Hz TEOK AQ: 1.57 sec, RD: 0.00 sec
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| File name: PHIk-800 [ Operator: root | SF: 500.0680 MHz | NSC:1 | PW: 0.00 usec, RG: 40 [ Sl: 32768
| Date: 15-Jun-2011 l Solvent: cdcl3 ‘ SW: 8013 Hz i TE: 0K l AQ: 204 sec, RD: 0.00 sec l Parameter file, XWIN-NMR  Version 3.5
§ 8 s ' sa o « ; 0

g 82 : ] g g

ke kb = o X

| |
PHIk-900-C13 g
1

140

& 150 130 120 110 100 80 70 60 50 30 20 10 0
File name: PHIk-800-C13 Operator: roct SF; 125.7422 MHz NSC: 385 PW. 0.00 usec, RG: 51200 Sl 85536
Date: 15-Jun-2011 Solvent CDCIZ SW. 32680 Hz TEOK AQ: 1.57 sec, RD: 0.00 sec Parameter file, XWIN-NMR  Version 3.5

S25




|
. g
O~
e
PHIk-949 . 7
2l
JLA_I j{_; AN L L \

] Voo |
s sllsls) s : E
-~ ~ ”
b £ e e e e e e e B e TTT LU S S B 0 L B e L I B e [ e B NS e O RN N N
& 9.0 8.0 7.0 6.0 5.0 4.0 3.0
File name: PHIk-84% Operator: root SF: 500.0680 MHz NSC:1 PW: 0.00 usec, RG: 40 Sl: 32768
Date: 12-Sep-2011 Solvent: cdcl3 SW: 8013 Hz TE: 0K AQ: 2.04 sec, RD: 0.00 sec Parameter file, XWIN-NMR  Version 3.5
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File name: PHIk-949-C12 Operator: roct SF; 1257422 MHz NSC; 762 PW. 0.00 usec, RG: 51200 SI: 65536
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Date: 12-Sep-2011 Solvent CDCIZ SW. 32680 Hz TEOK AQ: 1.57 sec, RD: 0.00 sec Parameter file, XWIN-NMR  Version 3.5
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File name: phik-172 Operator: root SF: 5000680 MHz NSC: 1 PW: 0.00 usec, RG: 40 SI: 32768
Date: 09-Sep-2010 Solvent DMSO SW: 8013 Hz TE 883 K A 204 sec, RD: 0.00 sec Parameter file, X\WIN-NMR  Version 3.5
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File name: PHIK-172-C12 Operator: roct SF; 1257422 MHz NSC: 207 PW: 0.00 usec, RG: 51200 Sl 65536
Date: 09-Sep-2010 Solvent: CDCI2 SW. 32680 Hz TEOK AQ: 1.57 sec, RD: 0.00 sec Parameter file, XWIN-NMR  Version 3.5
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File name: phik-173 Operator: root SF: 5000680 MHz NSC: 1 PW: 0.00 usec, RG: 40 Si: 32788
Date: 23-Sep-2010 Solvent DMSO SW: 8013 Hz TE 682K A 204 sec, RD: 0.00 sec Parameter file, X\WIN-NMR  Version 3.5
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File name: phik-173-C13 Operator: root SF; 1257422 MHz MNSC: 1002 PW 0.00 usec, RG: 51200 Sl 65536
Date: 23-Sep-2010 Solvent CDCI3 SW. 32680 Hz TE: 883K AQr 1.57 sec, RD: 0.00 sec Parameter file, XWIN-NMR ~ Version 3.5
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File name: phik-177

SF: 500.0680 MHz

NSC: 1

PW. 0,00 usec, RG: 40 SI; 32768

Date: 14-Oct-2010

SW 8013 Hz

TE 682 K

ACr 2.04 sec, RD: 0.00 sec
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File name: PHIk-177-C13

Cperator: root

SF: 1257422 MHz

NSC: 845

PW. 0.00 usec, RG: 51200

Sl 65536

Date: 16-0ct-2010

Solvent CDZCN

SW. 32680 Hz

TE: 682K

AQ: 1.57 sec, RD: 0.00 sec

Parameter file, XWIN-NMR  Version 3.5
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File name: phik-174 SF: 5000680 MHz MSC: 1 PW: 0,00 usec, RG: 40 Si: 32788

Date: 09-Sep-2010 SW: 8013 Hz TE 683 K AQ: 204 sec, RD: 0.00 sec Parameter file, X\WIN-NMR  Version 3.5
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File name: PHIk-174-C13 Operator: roct SF; 1257422 MHz NSC: 355 PW. 0.00 usec, RG: 51200 SI: 65536
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Date: 05-Sep-2010 Solvent CDCIZ SW. 32680 Hz TEOK AQ: 1.57 sec, RD: 0.00 sec Parameter file, XWIN-NMR  Version 3.5
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File name: phik-176 SF: 500.0680 MHz NSC: 1 PW: 0.00 usec, RG: 40 SI; 32788
Date: 05-Oct-2010 SW 8013 Hz TEOK AC: 204 sec, RD: 0.00 sec Parameter file, XWIN-NMR  Version 3.5
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File name: PHIk-176-C13

Operator. root

SF; 1257422 MHz

NSC: 217

PW: 0.00 usec, RG: 51200

Date: 06-Oct-2010

Solvent: CDCIZ

SW. 32680 Hz

| TE: 882K

AQ: 1.57 sec, RO 0.00 sec

Parameter file, XWIN-NMR  Version 3.5
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File name: PHIK-175 Operator: root SF; 500.0680 MHz NSC:1 PW: 0.00 usec, RG: 32 Sl: 32768 |
Daate: 17-Sep-2010 Solvent: CDCE SW B3 Hz TE 881K AQ: 2.04 sec, RD: 0.00 sec Parameter file, XWIN-NMR  Version 3.5 |
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File name: PHIk-175-c13 ‘Operator, root SF; 125.7422 MHz NSC: 301 PW. 0.00 usec, RG: 51200 Sl 65536 |

Date: 20-Sep-2010 Solvent CDCI3 SW 32680 Hz TEOK AQ: 1.57 sec, RD: 0.00 sec Parameter file, XWIN-NMR  Version 3.5 |
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File name: phik-958 Operator: root SF: 500.0680 MHz MSC: 1 PW: 0.00 usec, RG: 40 SI: 32788
Date: 14-Jul-2011 Solvent DMSO SW: 8013 Hz TEOK AQ: 204 sec, RD: 0.00 sec
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File name: phlk-858-C13 Operator. root SF: 125.7422 MHz NSC: 811 PW: 0.00 usec, RG: 51200 Sl: 85536
Date: 14-Jul-2011 Solvent CDCI3 SW. 32680 Hz TEOK AQ: 1.57 sec, RD: 0.00 sec
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File name: PHIk-817C Operator. root SF: 125.7422 MHz NSC: 160 PW. 0.00 usec, RG: 51200 SI: 65536 |
Date: 25-May-2011 Solvent dmso SW 32680 Hz TEOK AQ: 157 sec, RD: 0.00 sec Parameter file, XWIN-NMR  Version 3.5
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Operator; root SF. 1257422 MHz NSC; 250 |
Parameter file, XWIN-NMR  Version 3.5 |

Solvent CDCIZ

File name: PHIk-311-C13
AQ: 1.57 sec, RD: 0.00 sec

SW. 32680 Hz TEOK

Date: 25-Feb-2011
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SI: 65536
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AQ: 1.57 sec, RD: 0.00 sec

NSC: 609

TE 681 K

SF: 125.0000 MHz

SW. 32678 Hz

Operater. root

Solvent: dmso

File name: phlk-264c-C13

Date: 25-Nov-2010
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File name: PHIk-816c-C13 Operator, root SF: 125.7422 MHz NSC: 185 PW. 0.00 usec, RG: 51200 SI: 65536
Date: 18-May-2011 Solvent CDCI3 SW 32680 Hz TE 681 K AQ: 1.57 sec, RD: 0.00 sec Parameter file, XWIN-NMR  Version 3.5
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File name: PHIK®13 | Operator, roct SF; 500,0680 MHz NSC: 1 PW: 0.00 usec, RG: 32 SI; 32768
Date: 12-May-2011 Sclvent COCI3 SW 8013 Hz TE:OK AQ: 2.04 sec, RD: 0.00 sec Parameter file, XWIN-NMR Version 3.5
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AQ: 1.57 sec, RD: 0.00 sec

Parameter file, XWIN-NMR  Version 25
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File name: PHIK-224.fid Operator: SF: 399.9683 MHz NSC: 0 PW: 7.50 usec, RG: 28 Sl 32768
Date: 20-Jan-2012 Solvent cdcl3 SW: 6803 Hz TE: 283K AQ: 133 sec, RD: 0.00 sec opr.: lvashchenko T. A
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File name: PHIk-224-C13 Operator: root SF: 1257422 MHz MNSC: 385 PW: 0.00 usec, RG: 51200 S1: 65536
Date: 20-Jan-2012 Solvent: dmso SW: 32680 Hz TE: 0K AQk 157 sec, RD: 0.00 sec Parameter file, X\WIN-NMR  Version 3.5
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File name: PHIk-270.fid Operator SF: 366 9683 MHz NSC: 0 PW: 7.50 usec, RG: 32 S1: 32768
Date: 24-Mov-2010 Salvent cdci3 SW. 6803 Hz TE: 203K AQ: 1,33 sec, RD: 0.00 sec
E - =153 =) - ;D
- o o > W | M s . 4 .
© e ¢ N g ) g o | ¥
phlk-270-C13

PPM]

160 150 140 130 120 110 100 90 80 70 80 50 40 30 20 10 0
File name: phlk-270-C12 Operator: root SF: 1257422 MHz NSC: 144 PW 0.00 usec, RG: 51200 Sl 65536
Date: 25-Mov-2010 Solvent. dmso SW.: 32680 Hz TE 681 K AQ: 1.57 sec, RD: 0.00 sec
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