Copper-catalyzed three component system for arylsulfenylation of
imidazopyridines with elemental sulfur

Chitrakar Ravi, N. Naresh Kumar Reddy, Venkatanarayana Pappula, Supravat Samanta and
Subbarayappa Adimurthy*

Academy of Scientific & Innovative Research, CSIR-Central Salt & Marine Chemicals Research Institute, G.B.
Marg, Bhavnagar-364 002. Gujarat (INDIA)

e-mail: adimurthy@csmcri.org

Table of Contents

S.No Page number

1 Imidazo[1,2-a]pyridine-based S2
molecules

2 Crystal thermal ellipsoid plot S3

3 Crystal Data and Refinement S4-S5
Parameters

4 'H & 3C- NMR Spectra of all products | S6-S35

5 HRMS of new compounds S36-542

S1


mailto:adimurthy@csmcri.org
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Figure S1. Imidazo[1,2-a]pyridine-based molecules
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2. Thermal ellipsoid plot for the crystal structure 4n

Thermal ellipsoid plot for the compound 4n with atom numbering scheme (40% probability
factor for the thermal ellipsoids)
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3. Crystal Data and Refinement Parameters

Experimental : X-ray part

Crystal of suitable size was selected for the organic compound, immersed in partone oil and then
mounted on the tip of a glass fiber using epoxy resin. Intensity data for all four crystals were
collected at 100 K using graphite monochromatised MoK« (A = 0.71073A) radiation on
diffractometer equipped with CCD area detector. The data integration and reduction were
processed.l An empirical absorption correction was applied to the collected reflections.? The
structures were solved by direct methods® and refined on F2 by the full-matrix least-squares
technique * package. Graphics are generated. >® Non-hydrogen atoms were refined anisotropically
till convergence is reached and the hydrogen atoms of the organic compound is stereochemically

fixed. Crystallographic parameters for the compound is given in Table S1.

1. Sheldrick, G. M.; SAINT 5.1 ed.; Siemens Industrial Automation Inc.: Madison, WI,
1995.

2. SADABS, Empirical Absorption Correction Program; University of Géttingen: Gottingen,
Germany 1997.

3. Sheldrick, G. M.; SHELXTL Reference Manual: Version 5.1; Bruker AXS: Madison, WI
1997.

4. Sheldrick, G.M. SHELXL-97: Program for Crystal Structure Refinement; University of
Gottingen: Gottingen, Germany (1997).

5. A.L.Spek, Acta Cryst. 2009, D65, 148-155

6. Mercury 1.3, Supplied with Cambridge Structural Database; CCDC: Cambridge, U.K.,
(2003).
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Table S1. Crystal Data and Refinement Parameters for Compounds 4n

Identification code

4n

Chemical formula

C20His N2CI S

Formula weight

350.85

Crystal Colour

Colourless

Crystal Size (mm)

0.28x0.10x0.06

Temperature (K) 150(2)
Crystal System Monoclinic
Space Group P21/n

a(d) 12.126(10)
b(A) 5.863(5)
c(®) 24.164(19)
a(°) 90

B(°) 103.359(13)
Y (%) %0

YA 4

V(R3) 1672(2)
Density (Mg/m®) 1.394

p (mm) 0.356
F(000) 728
Reflections Collected 7671
Independent Reflections 2925

Rint) 0.0599
Number of parameters 218

GOF on F? 1.179
FinalRL/WR2(1>25(1) 0.0890/0.1788

Weighted R1/wR2 (all data)

0.1208/0.1906

CCDC number

1484511




4. Copies of H and 3C NMR spectra
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1H NMR in CDCIR
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1H NMR in DI

CR-1000C
500MHz

628'9
EV8'9 —

1]

$86'9
000°L

g
©o
1

1l

6L
EEL'L
0812

)
L

|

LU

&

MzL
86z'L
SIE'L
62e°L

M ©
&3

el
Siv'L

Svy'l
Skl
EELL
8618
£lzs
6928
£92'8

861’8
|_eize — %L
Hnwm,m U’J

181

IH NMR of 4e

CR-1000C

SFL'9L
000 LL
vEELL

ELZ'G0L
Z00°ELL
209°LLL
BEWVFTL
B6F'SZL
ZBE'SZL
[LiR=r 4]
SOE'8ZL
LSE'RZL
SESHTL
0BE'GEZL
662'EEL
B21'SEL

¥o0'Lirl
WHE' LG

130 NMR in CNDCIR

500MHz

W22

_N
/

=
T

|
100

13C NMR of 4e

S10



5802

0£9'9
9v9'9
1499
899
869'9
9EL'9
6L9
L08'9
1269
v6'9
856'9
ovi'L
e9l'L
VL
€eTL
LETL
(AT
1624
bes
L2¢°L
165°L
609'L
8018
gzrs

1H NMR in CDCIR

CR-997A
500MHz

||

=
!

=

—\

/]

—_—

Ll

7.00

0

ppm (t1)

8

348

3-0.97

T 295

'H NMR of 4i

BrELE

oL oL
000dL ——2
VETLL —

%

it

GEZ 801

coE gLl
b LLE
LOF 221
ZLEFEL
688 SZ1
£0F 921
G¥E5Z1
LIT HEL
E8Z 8zl
ELFEZL
SEL'6ZL
G9T'EEL
CHLFEL
EET'BEL
LTG avl

EBL 151

N\

CR-997A

130 NMR in CDCIR

500MHz

I
100

opm (t1)

13C NMR of 4i

S11



1H NMR in MNDCiI7
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1H NMR in CDCIR
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13C NMR of4k
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13C NMR of 4l
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5. Copies of HRMS spectra

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = S00PPM / DBE: min =-1.5 max =500
£lement prediction. Off
Number of 1sotope peaky used for |WFIT = 3
Moncisolopic Masa Evan Eleciron fons
20 formuigle) evaluated with 1 results withun Smits (up to S0 closast results for each mass)
Elemants Used
C:0-18 H 014 NO2 FO1 SO0 Zn 01
CR 24 {0 445)
1 TOF M8 ES»
125¢400C
100 321 pBS1
=1
—— — - ‘ miz
320 #00 32¢ 6800 321 000 2% 100 321.200 321,300 328400
Minimumss 1.5
AL 5.0 4] 50.0
233 Calr, Mans nle PPH az i-TIT furmuls
311,065 21.0662 ~3.1 -3 13.3 n/a CI5% HI& W2 Fr 3
HRMS of 4c
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 50 0 FPM / DBE: min =-15 max = 50.0
Elemant prediction: Off
Number of isotope peaks used for i-FIT =3
Monolsotopic Mass, Even Electton lons
14 formuls(e) evaluated wih 1 resuits within limits (up to 50 closest results for each mass)
Elaments Used
C 020 HO0-14 NO3 S01 Zn 01
CR 16 A1 45 (D B34)
| TOF M3 ES+
1.402+001
100 230921
% 4
1 1 M 7 I SR AR SR A T AR T D Yo \a - =’y ’ 1 miz
327 800 A2 0 328000 328100 328 200 328,300 226,400
Mirimmam: 3.5
Maximum | 5.0 53.0 50.0
Masy calc, Masm mos FEN SBE 1~-FIT Formula
28.0321  328.0508 1.4 4.0 15.5 n/a T20 HI4 w3 S
HRMS of 4d
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Elemental Composition Report

Single Mass Analysis

Tolerance = 50.0 PPM / DBE min=-15 max=500
Element prediction Off

Number of isotope pesks used for i-FIT=3

Monosotopic Mass, Even Electron lons

13 formutale) evaiuated with 1 results within imits (up to 50 closest results for each mass)
Elements Used

C: 020 H 017 NC2 S 01 Zn 01
CR 98, AJ4(0621)

1 TOF MS ES+

100- N7

.

0

Page 1

1 58e+001

316,800 316.900 317.000 37 100 " 317200

Hintmunm: -1,
Max Lmum 5.0 50.0 30,

on

Masa Calc. Mass mbDa 3] DBE 1~-FIT

Formule

20
e

317 1115 3i7.1112 .3 c.9 13.5 n/a H17

HRMS of 4i

Elemental Composition Report

Single Mass Analysis

Toierance = 50 0 PPM / DBE min=-15 max=500
Element prediction Off

Number of isotope peaks used for -FIT =3

Monaisotopic Mass, Even Electron lons

3 formulaie) evaluated with 1 results within imits (up to 50 ciosest results for each mass)
Elements Used

C 020 HO17 NO-2 S04

CR 118153 (0 798)

1 TOF MS ES*

100- 3171088

- v
317,300 N7 40

NZ 3

Page 1

7 83e+000

o

316,800 317 200

316900

Mirnimym:
Maximum: 2.0

Maszs I=FIT
13.5

HRMS of 4j

317.10%8 J17.1112 n/a

S37



Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = S50 0 PPM / DBE: min=-15 max=500
Element pradiction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass  Even Electron ions

21 farmulsie) evaluated with 1 resuits within limits {(up to 50 closast results for each mass)
Elements Used

C01% HO0OM NO2 S0 Zn 01 Br 0t

CR 11 C47(0872)

1 TOF MS ESs
2 00e+000

100- 31'0001

o ———— T T T ; mwz

380 700 380.800 380.800 381000 3681100 381.200 381300
Sinimum; -a+5
Maximum: 5.0 50.0 50.0
Nans Calc. Mass mDa M DBRE i-FIT Formulas
I81.0063  381.0081 0.0 0.0 13,5 n/a Cl9 HI4 N2 S Br
HRMS of 4k
Elemental Compaosition Report Page 1
Single Mass Analysis
Tolerance = 500 PPM / DBE: min=-15 max =500
Element prediction. Off
Number of isotope peaks used for i-FIT =3
Monoi=otopic Mass. Evern Electron lons
3 formuta(e) evaluated with 1 results within limits (up to 50 closest results for #ach mass)
Elements Used:
C:0-22 H 021 N 02 801
CR 108 22 (0.408)
1 TOF MSES+
11725002

100 245 1421

%

0 Al S A =y T L ey T L m | T T miz

344 800 344,900 345.000 345100 345200 345300 345400
Ninzmumi -1.5
Maximum: 5.0 50.0 30.0
Hass Cale. Mass mDa PEM OSE i~-FIT Formula
745.1421  345.1425 -0.4 -1.2 13.5 n/a 022 W21 N2 S

HRMS of 40
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Eiemental Composition Report

Single Mass Analysis

Tolerance = 500 PPM / DBE min=-15 max=500
Element prediction: Off

Number of isotope paaks used for i-FIT = 3

Monoisctopic Mass, Even Electron lons

21 formulafe) evaiuated with 1 results within imits (up to S0 closest results for each mass)
Elements Used

C021 HO18 NO2 ©O:0-2 S 02

Page 1

CR 3£ 47 (0.872)
1 TOF MS ES+
9.002+000
400+ 3950877
‘ |
[ e— — - T i 1 T miz
294 700 354,800 394 900 365.000 395 100 395 200 265,300 395 400
Minimum: -1.5
Maximam: 5.0 50.0 50.0
Mass Talc, Mass moa PEM DEE 1717 Formula
I95.0877  395.0886 -3.1 -2.8 13.5 n/a C21 #19 Nz 02 s2
HRMS of 4s
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 500 PPM / DBE min=-15 max =500
Element prediction: Off
Number of isotope peaks used for -FIT=3
Monoisotepic Mass, Even Elactron lons
3 formulale) eva‘uated with 1 results within imts (up to 50 closest results for each mass)
Elements Used.
C:025 H 021 NOG2 S:0-1
CR 9C 28 (0 519)
1. TOF MS £S5+
1.00e+000
'°°l 381.1423
%
I
[ AT S ———— S S— - Ty e ———— —— miz
350 800 350 $00 361000 381100 381,200 381 300 381 400 381500
Mifimum: =1.5
Maximum: 5.0 30.0 50.0
Kass calc, Maas mla PEM UBE L=-FIT Formula
351.1435 i81,1425 -0.2 -0.5 1€.5 n/a €25 H21 R
HRMS of 4u

S39



Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 50.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction. Off

Number of Isotope peaks used for I-FIT = 3

Monoisotopic Mass. Evan Electron lons
8 formula(e) avaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used
C 024 H 018 N:0-2 S:0-1 CLO041
CR ©A 45 (0.835)
1 TOF MS ES+
1.00e+~000

100~ 4010888

%

O=rr—r vy ey S R T T y . rTr———

400.700 400.800 400 800 401000 401 100 401.200 401.300 401400
Hinimum; -1.5
Maximum: S.0 30.¢C 50.0
Mass Calec. Mzsa mDa paM pee 1-FIT formula
401.0868 401,087% -1.% -2.7 16.5 n/a c24 HI® NZ 8§

HRMS of 4v
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 50.0 PPM / DBE min=-1.5 max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Mongoisotopic Mass, Even Electron lons
8 formulale) evaluated wath 1 results within limits (up to 50 closest results for each massj
Elements Used
C 024 HO-18 NO2 S:01 CLOA
CR ©B 3§ (0.72¢)
1 TOF MS ES+
1 00e+000

100 401.0868

9%

A S B e S D R T TTE T v —r—r miz
400700 400 800 400,900 401.000 401,100 401.200 401.300 401 400
Minimums: -1.5
Maxisom: 5.0 50,0 50.0
Misy Calc. Mass mis FPM DEE i-FI7T fFormula
03.0868 401,879 -1.1 -2.7 16.5 n/a C24 HIB N2 8§ 2
HRMS of 4w
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Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 50.0 PPM / DBE min=-15 max= 500
Element prediction: Off
Number of isotope peaks used for I-FIT = 3
Manoisotopic Mass, Even Electron lons
23 formula(e) evaluated with 1 results within lmite (up to 50 closest results for sach mass)
Elements Used
C.024 HO18 NC2 S:01 Zn 01 Br04
CR&D47(0872)
HE—— 1.30e+001
100 “5‘0394

] ’

0/l ep—rr——y , T y 1 e mi

444 600 444700 444800 444 900 445000 445100 245200 445,300 445 400
Mirdmam: 1.5
Hasimum: 3.0 50.0 50.0
Mass calc., Mass mia PN DBE i-F1T Formula
£45.0394 445,0374 2.0 1.5 16.5 n/a C24 HI8 N2 3 Br

HRMS of 4x
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 50.0 PPM | DBE min=-15 max = 50.0
Element predicton' Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
17 formulale) evaluated with 1 results within (imits (up to 50 closast results for each mass)
Elements Used
C 024 HO18 NO3 002 S04
R 9E 12 (0 22%)
1 TOF MS ES+
17364000

100 4121125

% '

[ e Rt SRR T T T T T Ty ———r—

411800 411000 412,000 412100 412200 412.300 412 4%0 412 500
Minimum: -1.5
Mawimus: 5.0 80.0 50.0
Mass Calec, Mass mOa PPN DHE 1=FIT Formula
412,3135 912,112¢ 8.5 1.2 17.5 n/a c2¢4 N18 N3 02 8§
HRMS of 4y
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 50.0 PPM / DBE: min =-1.5, max=50.0
Element prediction: Off

Number of isotope peaks used for I-FIT = 3

Monoigsotopic Mass, Even Electron lons

5 formutale) evaluated with 1 results within limits (up to 50 closest results for @ach mass)
Elements Used

C 018 H D14 NO3 S 01

CR-1042D 15 (0.278)

1. TOF MS ES~
B8 56e-000
100~ 30408907
% |
T e 7 - S S on M SMMCIR BB I e hwh oey SN0 PG SNy MR D oer o 10 * v 2 BRI (B ——miz
303600 303.900 304 000 304 100 304.200 304 300

Minimum: -1.%

Maximam: $.0 50.0 50.0

Mass Calc. Mass mha PPM DBE 1-FIT formula

304.0%07  304.0908 -0,1 -0.3 13,5 n/a Ci8 Hi4 N3 8

HRMS of 4z
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 50.0 PPM / DBE min=-15 max =500
Element prediction: Off
Number of isotope peaks used for i-FIT =13
Manoisatopic Mass, Even Efactron lons
5 formutale) avaluated with 1 rasults wathin imits (up to 50 closast results for each mass)
Elements Ussd:
C 0-21 H 016 N 03 S04
CR 865 45 (0.053)
1 TOF MS ES+
8 56e+002

100 342 1057

" -

gty — | B Lotk s 2t ot 0o T T T T T | T miz

341800 341,900 342000 342.100 342 200 342.300 342 400
Minimumi -1.5%
Yaximam: 5.0 50.0 50.0
Mass Cale. Hass mba FFM pBE i-P1I7T Formula
342.31087 3342.1063 -0.8 -2.3 15.8 n/a C21 Hi6 N3 S
HRMS of 6h
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