Electronic Supplementary Material (ESI) for New Journal of Chemistry.
This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2022

SUPPLEMENTARY MATERIAL

3’-Amino modifications enhance antifungal properties of
N*-alkyl-5-methylcytidines for potential biocides

Liudmila A. Alexandrova, Oleg V. Shevchenko, Maxim V. Jasko, Pavel N. Solyev,

Inna L. Karpenko, Sergey D. Negrya, Olga V. Efremenkova, Byazilya F. Vasilieva,

Tatiana A. Efimenko, Darya A. Avdanina, Gulgina K. Nuraeva, Mark P. Potap ov,
Vera I. Kukushkina, Sergey N. Kochetkov, Alexander A. Zhgun

NMR spectra:

'H NMR spectrum of 4 S4
Selected multiplets from 'H NMR spectrum of 4 S5
'"H NMR spectrum of 5a S6
Selected multiplets from 'H NMR spectrum of 5a S7
"H NMR spectrum of 5b S8
Selected multiplets from 'H NMR spectrum of 5b S9
'H NMR spectrum of 6a S10
Selected multiplets from 'H NMR spectrum of 6a S11
I3C NMR spectrum of 6a S12
"H NMR spectrum of 6b S13
Selected multiplets from 'H NMR spectrum of 6b S14
13C NMR spectrum of 6b S15
"H NMR spectrum of 8a S16
Selected multiplets from 'H NMR spectrum of 8a S17
3C NMR spectrum of 8a S18
'H NMR spectrum of 9a S19
Selected multiplets from 'H NMR spectrum of 9a S20
13C NMR spectrum of 9a S21
'"H NMR spectrum of 9b S22
Selected multiplets from 'H NMR spectrum of 9b S23
'"H NMR spectrum of 10a S24
Selected multiplets from 'H NMR spectrum of 10a S25
13C NMR spectrum of 10a S26
'H NMR spectrum of 10b S27
Selected multiplets from 'H NMR spectrum of 10b S28
13C NMR spectrum of 10b S29
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'H NMR spectrum of 12a S30

Selected multiplets from 'H NMR spectrum of 12a S31
13C NMR spectrum of 12a S32
'H NMR spectrum of 12b S33
Selected multiplets from 'H NMR spectrum of 12b S34
I3C NMR spectrum of 12b S35
"H NMR spectrum of 13b S36
Selected multiplets from 'H NMR spectrum of 13b S37
'H NMR spectrum of 14a S38
Selected multiplets from 'H NMR spectrum of 14a S39
13C NMR spectrum of 14a S40
'"H NMR spectrum of 14b S41
Selected multiplets from 'H NMR spectrum of 14b S42
3C NMR spectrum of 14b S43
'"H NMR spectrum of 16a S44
Selected multiplets from 'H NMR spectrum of 16a S45
13C NMR spectrum of 16a S46
'"H NMR spectrum of 16b S47
Selected multiplets from 'H NMR spectrum of 16b S48
3C NMR spectrum of 16b S49

Additional NMR spectra assignment:

'H NMR spectrum of 12b contaminated with a boron-containing impurity S50
"H NMR spectrum of 16a contaminated with a tetrabutylammonium salt S51
Selected multiplets from 'H NMR spectrum of 16a contaminated with a tetrabutylammonium salt---S52

'H-'"H COSY NMR spectrum of 10a S53
'H-B3C HSQC NMR spectrum of 10a S54
'H-'"H COSY NMR spectrum of 10b S55
'H-B3C HSQC NMR spectrum of 10b S56
'H-13C HSQC NMR spectrum of 12b S57
'H-13C HSQC NMR spectrum of 14b S58
'H-13C HSQC NMR spectrum of 16b S59

HPLC-chromatograms and HRMS spectra:

HRMS spectrum of 6b S60
HRMS spectrum of 8a S61
HRMS spectrum of 10a S62
HRMS spectrum of 10b S63
HRMS spectrum of 12b S64
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HRMS spectrum of 14a
HRMS spectrum of 14b
HRMS spectrum of 16a
HRMS spectrum of 16b

S65
S66
S67
S68

S3



Compound: 4
Nucleus: 1H

Solvent: DMSO

80°0
60°0 ]
60'0 ]
01°0
080 92T
/80 %. £ee]
. 82'C ]

88°0
68°0 \‘
06°0

6T
6L'T

0€7¢H R
0€°C
CET 9
TET
e
PETAH

JoC ~
8cC
0v'Z
'z
A\
0S'C —p—
0s'C

15T

15
mm.mg

08-S

{at

T€€

7.47

3.84

-0.01-0.14 5 44
H;C CH; 380 -

©
@
o
L}
<
*
o

Frequency: 300.13
0.84 - 0.96 H,

I8°€
18°€

w%wem

9y
8E'Y /uw
6EY
ob'y
ob'y
Wy

80°9
01°9 AN

NH.@.\.

9L
e~

L

8bL

PETT ———=

Fe6's

Fere .

Feoe |

60

0T |
60
01

00’1

Foo't

860

Fz60 |

11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 1.5 1.0 0.5 0.0
(ppm)

11.5

S4



L 66°S |

S5

0.10 0.05 0.00

_— n
@
6'85C ~ w\\ S)
vso9e” 0~ o
L . <16
TAZRYAA — [
n
o,..
J | ;
[ n
~N
a k 5
_ oross~ — €0t | g
0t LES — ®
n
. %
o . i
° a £2°289
R 3 0w 69'€89 - N
= 10°689 |% ~
S.o%/ =< 5
8.@%/ | 801 | R
7 05'£69 N
0 mm.oomM HMVL
o 9870, ~ = - 0
z8'20L /uw ~
E9PILN.
ETTTLA |U 860 | 9
66'T2L ~= = U ~
LE'8TL~_ - =
~ IS
) 8
o <
A " €€°92T1 / n
- T¥°0€TT _ [ ~N
1S°LETT / ‘\U« Lot ™
iih W o
AL CVEFE /II J— K r)n.
WPHIT~ ——= = o
THISTT N\ > 860 .,
6°€STT — e | 2
€T'SSTT .ﬁ —— ™
8T°/STT .\. lﬂ —00'T
e bTTOTT .\. R
5 80°S9TT L ™
06'60€T r "
A <
¥8HIET >
leoter S-S 00T | ©
1ol — =7 T
PEEIET —2 =T <
96'1ZEr 7 -2
10°L2€T -
n
. S
O
U\
914281 -~ - . o
L Uest = —_— =001 m
97'LE8T ~. —_
N L
o % 3 % n
- 7 3 o= 18'6€2C \ r <
66'0527 ~\ . ~
—_—— © . =
T geTvee 7 —| [80
L EbTe L
™M .
. 3
o H
N m " L "
m — 0 m, €120bE ——=—___ /60 | ™
[ —
8353 -
EC=>29 o
O 3 0 = <
OZwni L N



Compound: 5a

Nucleus: 1H
Solvent: DMSO

Frequency: 300.13
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Compound: 6a
Nucleus: 13C
Solvent: DMSO
Frequency: 100.61
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Compound: 6b

Nucleus: 1H
Solvent: DMSO

9T’e
8C'€ .-V

og'e-7
OQH z€'€ \

Frequency: 300.13

S8°T
S8°T

€T\ 1
ST'T ||||HM
Yaqrd s
OSIa 05T
OSWAd 0§°C —f—
OSIWAa 16T
OSIWAa 18T
OSIWA 25T

|

8G°¢
65°€

Ho.mw \%L
19°¢ e

3.20 -3.31

1.21-1.30

1.42 -1.60

1.21-1.30

1.21 -1.30

1.21-1.30

1.21 -1.30

1.21 -1.30

1.21-1.30

1.21-1.30

1.21 -1.30

ST'S N\
(1§ —S———==+—1- 00T

79°€ )
v9'e

s9'€ =
L9°€ /um

08'€
18°€ Wu _
£8'€ =
el

€€y
ey Wnnmﬂ.
9E'p =
otv/

A%
bT'L W}Wn
o1,

Fsett

00°T|

T 101

F oot

F oot

F 260

F 660

3.0 2.5 2.0 1.5 1.0

3.5

4.0

7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

7.5

S13



e T
605 — —_—
—< m S8'/ST — — /0°¢
LEY9C — x}/ | @
R
\l\ T i —
- 281
—_— -
— 1 L ”
66'9bb — — | w0
LEESHy —— —oce|
06650 — U///
1 ©°
_ s
& -
o
ST'HSS ~_ —— .
86°bSS — T0°€
a
L I
o a ~
[} 5 —_ A
o © A N
2899 — —_—
||\Ik
85429 - 661
$8°089 — —— ]
e
- T N
N
— P~ 3
» L
b1'LL6 — - — G6°T
16°€86 — —<=__ .
¥6'066 ——<"2 L )
g 8 3 : Y
o 2 3 2v'SL01 i
s 10°8£0T - =
~—o . =
3 o == €1°2801 ==kt o2
- S 09'€80T \" ——= | o
g /80T A" ———— M4
bhee0ta
8/°5601 “ = — 00°T
10°00TT - ~
=) S = “
< < < . r
¢ PLIGETT ~_ ] ®
W ~————— . ™
TR R —
Z€TSTT [
o
(= < ™M
8 & - R
© 91'867T ~— ——
BT HOET ~— .
[ﬂ% 00l \.M 001
6L HTET = - |«
o z o ] N
? e © -
o mo _ 66'9bST ~ -
9ETSGT - =001
—
Nz 201551 — —_— o
(o))
o < _
M ©
bE'SZ8T — -——] -
—< m S8'TE8T — 00° 1" ©
7€'8€81 — —
™ 3 -
A [ - N
60°LETT ~ -
182] ST CViC N0.0 L
3 oemIr — =
8 98 SR
Q | N
.. T .. ™~
T - W > B . . N
Suo e = S 2 - ~
o 3 ..m (0] — — —
Q00 W. — £8°S9¢¢ u/llh”l\l\\ — 66°0f
£ES=28 88'992¢ = —
OZwni L

S14



Compound: 6b
Nucleus: 13C
Solvent: DMSO
Frequency: 75.47
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Compound: 13b
Nucleus: 1H

Solvent: DMSO
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Compound: 16a

Nucleus: 1H

Solvent: DMSO
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Compound: 1pa

Nuclide: 1BC
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Compound: 16a + [TBA]+

Nuclide: 1H
Frequency: 300.13

Solvent: DMSO
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Compound: 16a + [TBA]+

Nuclide: 1H

Solvent: DMSO
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Compound: 10a
Nucleus: 1H-1H COSY
Solvent: DMSO
Frec'.lency: 300.13
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HPLC-chromatogram and HRMS spectrum of 6b

Display Report

Analysis Info
Analysis Name

Method
Sample Name
Comment

Acquisition Date  11/22/20191:51:15 PM
D:\Data\OS-35 (OS-T12N3)_11_01_3045.d
la_2.2.m

08-35 (0S-T12N3)

Operator BDAL@DE

Instrument compact 8255754.20088

Acquisition Parameter
Source Type ESI
Focus Active
Scan Begin 50 m/z
Scan End 3000 m/z

0.4 Bar
180\C
6.0 I/min
Source
0\C

Set Nebulizer
Set Dry Heater
Set Dry Gas

Set Divert Valve
Set APCI Heater

Positive
4500 V
-500 V
2000 V
0 nA

lon Polarity

Set Capillary

Set End Plate Offset
Set Charging Voltage
Set Corona

Intens. ]

x10%]
2
E

I """ ——

9 Time [min]
—— BPC +AllMS |

Intens. 0S-35 (0S-T12N3)_11_01_3045.d: +MS, 7.1min #410)

x109]
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1.0]
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1+
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1+
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“ IulJlLllu LA
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1+
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T W Y

i A 1 i
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0
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HPLC-chromatogram and HRMS spectrum of 8a

Display Report

Analysis Info Acquisition Date  3/19/2019 6:34:34 PM
Analysis Name D:\Data\OS-12 (OS_dCMeC10NHAc) 33 _01_2480.d

Method la_2.2.m Operator BDAL@DE

Sample Name  0S-12 (OS_dCMeC10NHAC) Instrument compact 8255754.20088
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Active Set Capillary 4500 V Set Dry Heater 180\C
Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 6.0 I/min
Scan End 3000 m/z Set Charging Voltage 2000 V Set Divert Valve Source
Set Corona 0nA Set APCI Heater 0\C
Intens.q
x1073
1.04
057
0t ——4—4/—7 71 r- - 2-+»=——o——»—1———-"———r——tt "+
1 2 3 4 5 6 7 8 9 Time [min]
[— BPC +AlIlMS |
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x10°91 1+
1+
61 266.2222 3455843
44
1+
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2_
‘ 1267i8723 16911623 S A
0 - T T T T T T T T T T T T T T T T T T T T T T . T T T
500 1000 1500 2000 2500 m/z
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x10 1+
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4_
1+
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1+
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O T T T T T T T T T T T T T T T T T T T T i T r T T T T T .‘ T T
250 300 350 400 450 500 m/z
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x104] 1+
0.55 445.2785
] |
x1°og«j 05-12(0S_dCMeCioNHAC)3301,480.d:C2;H3gN20a, M+nH, 423.2966
] 1+
0.55 423.2966
q- |
x’PO g 0S-12(0S_dCMeCioNHAC)33012480.d:CisH27N30, M+nH, 266.2227|
] 1+
0'55 266.2227
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HPLC-chromatogram and HRMS spectrum of 10a

Display Report

Analysis Info Acquisition Date  4/30/2019 5:27:14 PM
Analysis Name  D:\Data\OS-18 (OS-T'NH2-3)_4_01_2571.d
Method la_2.2.m Operator BDAL@DE

Sample Name 0S-18 (OS-T'NH2-3) Instrument compact 8255754.20088
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar

Focus Active Set Capillary 4500 V Set Dry Heater 180\C

Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 6.0 I/min

Scan End 3000 m/z Set Charging Voltage 2000 V Set Divert Valve Source
Set Corona 0 nA Set APCI Heater 0\C

Intens.q
x1073
0507
0.251

o] Y e —
1 2 3 4 5 6 7 8 9 Time [min]

|— BPC +AlMS |

Intens. | 0S5-18 (OS-T'NH2-3)_4_01_2571.d: +MS, 6.6min #382
x108 ] 1+
266.2217

4 1+ 1+
381.2856 761.5616

1141.8352
1
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1+
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l
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g 1+
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0 ) 0S-18(0S-T'NH2-3)a01,571.d:CisH27N30, M+nH, 266.2227

i 1+
6Ro0 | 266.2227
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l
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HPLC-chromatogram and HRMS spectrum of 10b

Display Report

Analysis Info
Analysis Name

Method

Sample Name

Comment

Acquisition Date 11/28/2019 4:29:04 PM

D:\Data\OS-38 (OS_T'12NH2)_43_01_3072.d
la_2.2_small.m
0S-38 (OS_T'12NH2)

Operator BDAL@DE

Instrument compact 8255754.20088

Acquisition Parameter

Source Type
Focus

Scan Begin
Scan End

ESI
Active
50 m/z

3000 m/z

0.4 Bar
180 \C

Set Nebulizer
Set Dry Heater
Set Dry Gas 6.0 I/min
Set Divert Valve Source
Set APCI Heater 0\C

Positive
4500 V

lon Polarity
Set Capillary
Set End Plate Offset -500 V
Set Charging Voltage 2000 V
Set Corona 0nA

Intens. |

x106
1.0

0.5
0.0+

— T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

9 Time [min]

[— BPC +AIlMS

Intens.
x1063

1.254
1.004
0.757
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0.251

1+
409.3185

0S-38 (OS_T'12NH2)_43_01_3072.d: +MS, 7.7min #445

1+
817.6283

1+
1225.9342

l 1635.2448
. 1\

0.00+—
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Intens. ]
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i
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HPLC-chromatogram and HRMS spectrum of 12b

Display Report

Analysis Info
Analysis Name

Method
Sample Name
Comment

D:\Data\0OS-48 (OS_T'12NMe2)_1_01_3364.d
la_2.2_small.m
0S-48 (OS_T'12NMe2)

Acquisition Date 7/16/2020 4:03:36 PM

Operator BDAL@DE

Instrument compact 8255754.20088

Acquisition Parameter
Source Type ESI
Focus Active
Scan Begin 50 m/z
Scan End 3000 m/z

lon Polarity Positive
Set Capillary 4500 V
Set End Plate Offset -500 V

Set Charging Voltage 2000 V
Set Corona 0nA

Set Nebulizer 0.4 Bar
Set Dry Heater 180 \C
Set Dry Gas 6.0 I/min
Set Divert Valve Source
Set APCI Heater 0\C

Intens. ]
x107
1_

— T T T T T T T T T T T T T T T T

6 7 8 9 Time [min]

[— BPC +AIlMS

Intens.
x107 . 5
294.2613 4373482
1.5 ik
873.6863

1.0

0.5
144.1021

05-48 (0S_T'12NMe2)_1_01_3364.d: +MS, 5.2min #300

1310.0222
A

ool —al 11| , : : : : . :
200 400 600 800 1000

1200 1400 1600 1800 miz

Intens.
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0.5
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1+
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lk

00 ] T L T
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40 500 me

Intens.
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1+
437.3486

0

1+

0008 294.2540

4000+

2000+

I
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250 300 R 400
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HPLC-chromatogram and HRMS spectrum of 14a

Display Report

Analysis Info Acquisition Date  7/16/2020 4:37:50 PM
Analysis Name D:\Data\OS-50 (OS_T'NHEt new) 3 01_3367.d

Method la_2.2 small.m Operator BDAL@DE

Sample Name  0S-50 (OS_T'NHEt_new) Instrument compact 8255754.20088
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar

Focus Active Set Capillary 4500 V Set Dry Heater 180 \C

Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 6.0 I/min

Scan End 3000 m/z Set Charging Voltage 2000 V Set Divert Valve Source
Set Corona 0nA Set APCI Heater 0\C

Intens.
x1073

11

0 T LI T T T T LI T T T T T T LI T T A LE T T T L —f L T T T T T T T T
1 2 3 4 5 6 i 8 9 Time [min]
—— BPC +All MS |

Intens7.- 0S-50 (OS_T'NHEt_new)_3_01_3367.d: +MS, 4.7min #272,
x10
1+

0.8 266.2230
0.6
0.4+
0.2

817.6264

0.0 . A . ) - . . Il - ;
500 1000

1500 " 2500 miz
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HPLC-chromatogram and HRMS spectrum of 14b

Display Report

Analysis Info

Analysis Name

Method
Sample Name
Comment

la_2.2.m
0S-19 (OS_T"12NHEt)

Acquisition Date 7/9/2019 8:15:15 PM

D:\Data\OS-19 (OS_T'12NHEt)_14_01_2625.d

Operator BDAL@DE
Instrument compact

8255754.20088

Acquisition Parameter

Source Type
Focus

Scan Begin
Scan End

ESI
Active

50 m/z
3000 m/z

lon Polarity

Set Capillary

Set End Plate Offset
Set Charging Voltage
Set Corona

Positive
4500 V
-500 V

2000 V
0nA

Set Nebulizer
Set Dry Heater
Set Dry Gas

Set Divert Valve
Set APCI Heater
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HPLC-chromatogram and HRMS spectrum of 16a

Display Report

Analysis Info
Analysis Name
Method

Sample Name
Comment

la_2.2.m

D:\Data\OS-67 (10Et2 16.11)_11_01_3694.d

0S-67 (10Et2 16.11)

Acquisition Date

Operator
Instrume

BDAL@DE
nt compact

11/17/2020 6:20:50 PM

8255754.20088

Acquisition Parameter
Source Type ESI
Focus Active
Scan Begin 50 m/z
Scan End 3000 m/z

Positive
4500 V
-500 V

2000 V
0nA

lon Polarity

Set Capillary

Set End Plate Offset
Set Charging Voltage
Set Corona

Set Nebulizer
Set Dry Heater
Set Dry Gas

Set Divert Valve
Set APCI Heater

0.4 Bar
180 \C
6.0 I/min
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HPLC-chromatogram and HRMS spectrum of 16b

Display Report

Analysis Info

Analysis Name D:\Data\OS-49 (OS_T'12NEt2)_2_01_3365.d

Acquisition Date  7/16/2020 4:15:12 PM

Method la_2.2 small.m Operator BDAL@DE
Sample Name  0S-49 (OS_T'12NEt2) Instrument compact 8255754.20088
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Active Set Capillary 4500 V Set Dry Heater 180 \C
Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 6.0 I/min
Scan End 3000 m/z Set Charging Voltage 2000 V Set Divert Valve Source
Set Corona 0nA Set APCI Heater 0\C
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