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Synthesis of Vicinal Trifluoromethanesulfonate Substituted
Diaryliodonium Salts and Their Anti-bacterial Properties

Cui, Liyuan® Chen, Huangguan® Ma, Jingyi® Han, Jianwei**“” Wang, Limin™“
(“ School of Chemistry & Molecular Engineering, East China University of Science and Technology, Shanghai 200237)
(® Shanghai-Hong Kong Joint Laboratory in Chemical Synthesis, Shanghai Institute of Organic
Chemistry, Chinese Academy of Sciences, Shanghai 200032)

Abstract Diaryliodonium salts with fluorines have potential bioactivity. Vicinal trifluoromethanesulfonate substituted dia-
ryliodonium salts were synthesized for the purpose of studying their anti-bacterial properties aganist Escherichia coli (E. coli),
Staphylococcus aureus (S. aureus) and Bacillus subtilis (B. subtilis). Firstly, their chemical structures were characterized by 'H
NMR, "*C NMR, F NMR and mass spectra. The minimum inhibitory concentration (MIC) of these compounds was tested by
the micro-broth dilution method. The most active 2-((3-fluorophenyl)(((trifluoromethyl)sulfonyl)oxy)-13-iodanyl)- phenyl
trifluoromethanesulfonate (1) containing fluorine group gave the promising results for Escherichia coli (E. coli),
Staphylococcus aureus (S. aureus) and Bacillus subtilis (B. subtilis) (MIC values of 16, 4 and 4 pgemL™"), which is
significantly lower than the commercial antibacterial agent of isothiazolinones. Scanning electron microscope (SEM) analysis
sugggested that the compound led to the death of bacteria. Cytotoxicity tests showed that the compound 1 as well as
isothiazolinones had a slight effect on the growth of Hela cells in vitro conditions.

Keywords diaryliodonium salts; anti-bacterial; Kathon; fluorine; trifluoromethanesulfonate
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PEEUAR 5 B R R S i I A PR B M, AR4 SFs HX
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R EEE, HEL 1 um PRI T R4 s 3
66.9%; 4BAL CF3SO, BRI =05 FEMUERTE 5 pm IR
TRIMHEIE 98.6% M4l vES. EEERZE, £
PEER I 5 MR A AE 5 um FIVRFE R X 1IEH A%
YL (AGLCLY 290 50% (1 s S5 8 M5 X Ffuoxs it 41 g
IV IE 20 00 1 25 e 3 1 22 R N BT 28 T R R
BET o B, DR, AR EUAR [ 5 SR 1 A s
Sl T KA. Ak, Goldstein Z5'F1 Doroshow
LB SRS T o5 S B R AN TR, Gold-
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ATTCASRARAM TR VR S AR Ak B 0 E RSB 77, % B A
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Scheme 1 Synthetic route of target compound
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Figure 1 Chemical structures and yields of target compounds
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B O0E A T N R R G e 3 W L G R et
REAFAE — MR R, AR THRB A 2 —EHH
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¢ CIT/MIT=Commercial Kathon.
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Figure 2 SEM images of Effect of compound 1 on E. coli
A and B are blank control, C and D are treatment of E. coli with com-
pound 1 after 7 h

1.4 L&Y 1 5FHFT Hela 4R KHIF/ T

IR 20 B4 R ) 45 e 35 O 1 T R A
MR EAE . FEAWETCH, AU T AE e L A1k
a1 5RO SRR AT I, B R

Chin. J. Org. Chem. 2019, 39, 270~276



Chinese Journal of Organic Chemistry

NOTE

B3 G 1 xS A BREAE 0 SEM EIE
Figure 3 SEM images of effect of compound 1 on S. aureus
A and B are blank control, C and D are treatment of S. aureus with com-

pound 1 after 7h
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Figure 4 Effects of compound 1 and kathon on Hela cell growth
a;~az: compound 1 for 24 h; b;~bs: compound 1 for 48 h; ¢;~c;: Kathon for 24 h; d,~d;: Kathon for 48 h
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Figure S Survival rate of Hela cells with compound 1 or kathon
in different concentrations
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3.2 A 1~13HEamR

G T R 22 SCER 2] i 2% J7 . R,
100 mL ] Schlenk 2 ) AR AR I N SIS RIR J = 560 FH st
P& 15 (5.0 mmol). [A] S 0K FER(5.5 mmol)Fl 40 mL —
APEEE A, AE=WRAMT, MM FIA 2.5 equiv.
1) = AT () VA, R SRS R, TR O
1 h, S8 IMAZRIERATAEH)(5.5 mmol), FRHEHE . 40
min. RJ5 RN HVKKIBAZIE 0 °C, b= % T g
(6 mmol), N5 G HEFLUKKIE, ZigH 2=, W
FE 15 min; R TEEEIRUE E BRI FISEER =Y, AL
ik 2 485 it 19 21 H AR =9 1~13.

(3B ) (2-((( =% PP 268 ) It I 228 ) 4 38 ) R ) — 3
FEERI R (1): IR, 2.24 g, WCE 75%. m.p. 146~
148 °C; '"H NMR (400 MHz, DMSO-d;) d: 8.64 (dd, J=
8.0, 1.3 Hz, 1H), 8.20~8.15 (m, 1H), 7.97 (d, J=8.0 Hz,
1H), 7.92~7.86 (m, 1H), 7.78~7.74 (m, 1H), 7.71~7.62
(m, 2H), 7.58 (td, J=8.6, 2.4 Hz, 1H); *C NMR (101
MHz, DMSO-ds) 6: 161.90 (d, Jcr=253.5 Hz), 146.93,
138.63, 135.83, 133.83 (d, Jor=8.1 Hz), 131.86, 131.31
(d, Jer=3.0 Hz), 122.71, 122.12 (d, Jer=25.3 Hz),
120.70 (q, Jer=2323.2 Hz), 120.01 (d, Jor=20.2Hz),
118.04 (q, Jor=2322.2 Hz), 11636 (d, Jer=8.1Hz),
111.13; "F NMR (376 MHz, DMSO-dy) §: —72.97 (s),
—77.78 (s), —107.05 (s). HRMS calcd for C,3HgF4105S
[M—OT{]" 446.9175, found 446.9176.

(-3 R 5 ) (2 (=% PP 268 ) I I 228 ) S 38 ) R ) — 3
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FR 2R (2): AR R, 2.38 g, I 80%. m.p. 176~
178 ‘C; 'H NMR (400 MHz, DMSO-d;) &: 8.65 (d, J=8.0
Hz, 1H), 8.35~8.08 (m, 2H), 7.95~7.81 (m, 1H), 7.74 (d,
J=8.3 Hz, 1H), 7.71~7.62 (m, 1H), 7.45 (t, J=8.8 Hz,
2H); *C NMR (101 MHz, DMSO-d) J: 164.16 (d, Jer=
253.2 Hz), 146.96, 138.59, 137.95 (d, Jer=9.3 Hz),
136.58 (d, Jor=8.0 Hz), 135.74, 131.83, 122.72, 120.76
(q, Je.r=323.2 Hz), 119.63 (d, Jor=23.1 Hz), 118.09 (q,
Jer=322.2 Hz), 111.27 (d, Jo.r=3.0 Hz); '’F NMR (376
MHz, DMSO-dg) 0: —73.06 (s), —77.82 (s), —105.84
(s). HRMS caled for C3HgF,J0:S [M—OTf]" 446.9175,
found 446.9177.

(-SRI ) (2-((( =3 FP 268 ) s i 2 ) A 28 ) AR 32 ) = 3
FER L EE(3): AR K, 2.19g, WK 73%. m.p. 173~
174 °C; 'H NMR (400 MHz, DMSO-d;) J: 8.64 (d, J=8.0
Hz, 1H), 8.47 (d, J=8.0 Hz, 1H), 7.91~7.82 (m, 2H),
7.76~7.69 (m, 2H), 7.65 (td, J=7.9, 1.2 Hz, 1H), 7.53 (td,
J=179, 1.4 Hz, 1H); C NMR (101 MHz, DMSO-d;) :
147.19, 138.71, 138.51, 135.77, 135.67, 135.07, 131.57,
130.66, 130.50, 120.73 (q, Jer = 323.2 Hz), 122.22,
120.02, 118.07 (q, Jer=322.2 Hz), 110.86; '°F NMR (376
MHz, DMSO-dg) 6: —73.26 (s), —77.79 (s). HRMS
caled for C3HsF5CIIOsS [M — OTf]" 462.8880, found
462.8879.

(3-SR ) (2-((( =3 FP 268 ) s 2 ) A 28 ) AR 22 ) = 3
R EL (4): AERMEK, 2.14 g, IE 70%. m.p. 140~
141 C; '"H NMR (400 MHz, DMSO-d,) d:: 8.74~8.62
(m, 1H), 8.34 (t, J=1.8 Hz, 1H), 8.10 (d, J=8.2 Hz, 1H),
7.96~7.82 (m, 1H), 7.76 (t, J=7.1 Hz, 2H), 7.73~7.66
(m, 1H), 7.61 (t, J=8.1 Hz, 1H); *C NMR (101 MHz,
DMSO-d) o: 147.00, 138.71, 135.87, 135.19, 134.19,
133.64, 133.51, 132.71, 131.90, 122.73, 120.75 (q, Jer=
323.2 Hz), 118.08 (q, Jor=322.2 Hz), 117.18, 111.16; "°F
NMR (376 MHz, DMSO-d;) 0: —73.06 (s), —77.82 (s).
HRMS caled for Ci3HgF;CIIO;S [M—OTf]" 462.8880,
found 462.8873.

(4- 2R3 ) (2-((( =3 FP 268 ) s i 2 ) A 28 ) AR 32 ) = 3
FERR L EE(5): AR K, 2.17 g, I 71%. m.p. 186~
188 C; '"H NMR (400 MHz, DMSO-d;) : 8.64 (dd, J=
8.0, 1.5 Hz, 1H), 8.22~8.07 (m, 2H), 7.95~7.83 (m, 1H),
7.81~7.73 (m, 1H), 7.72~7.60 (m, 3H); *C NMR (101
MHz, DMSO-ds) J: 146.95, 138.62, 136.77, 136.00,
135.79, 132.12, 127.48, 122.75, 120.72 (q, Jer=323.2
Hz), 118.05 (q, Jor=321.2 Hz), 114.85, 111.18; '"F NMR
(376 MHz, DMSO-dg) 6: —73.00 (s), —77.80 (s). HRMS
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caled for C3HgF;CIIOsS [M—OTf]" 462.8880, found
462.8884.

(2- TR 2R ) (2-(((= 00 HP 228 ) T g 266 ) B 228 ) R ) = 3
HREERRLER (6): AR K, 2.13 g, WF 65%. m.p. 202~
204 C; '"H NMR (400 MHz, DMSO-d;) J: 8.61 (d, J=7.9
Hz, 1H), 8.44 (d, J=7.8 Hz, 1H), 7.99 (dd, J=7.9, 1.4 Hz,
1H), 7.93~7.82 (m, 1H), 7.74 (dd, J=8.3, 1.0 Hz, 1H),
7.64 (ddd, J=9.4, 8.1, 1.4 Hz, 2H), 7.57 (td, J=7.7, 1.5
Hz, 1H); C NMR (101 MHz, DMSO-ds) J: 147.24,
138.83, 138.64, 135.79, 135.01, 134.06, 131.55, 130.92,
126.54, 123.07, 122.32, 120.75 (q, Je.r=2331.3 Hz), 118.04
(q, Jor = 3222 Hz), 111.07; F NMR (376 MHz,
DMSO-dy) o: —73.17 (s), —77.79 (s). HRMS calcd for
Cy3HgF;BrI0;S [M—OTf]" 506.8374, found 506.8376.

(3- 2R ) (2-(((= 00 HP 228 ) T g 266 ) B 22 ) R R ) = 3
R L 25 (7): AR, 2.07 g E 69%. mp.
164~166 °C; 'H NMR (400 MHz, DMSO-d;) J: 8.65 (dd,
J=8.0, 1.2 Hz, 1H), 8.45 (t, J=1.7 Hz, 1H), 8.16~8.10
(m, 1H), 7.89 (dd, J=12.2, 5.2 Hz, 2H), 7.78~7.73 (m,
1H), 7.70 (td, J=7.9, 1.2 Hz, 1H), 7.54 (t, J=8.1 Hz, 1H);
BC NMR (101 MHz, DMSO-ds) 0: 146.96, 138.67,
136.73, 135.86, 135.51, 133.87, 133.82, 131.88, 123.49,
122.72, 120.70 (q, Jep=324.2 Hz), 118.05 (q, Jer=322.2
Hz), 117.47, 111.12; F NMR (376 MHz, DMSO-d;) o:
—72.99 (s), —77.77 (s). HRMS calcd for C;3HgF;BrlO;S
[M—OTI]" 506.8374, found 506.8374.

(4- 2R FE ) (2-(((= 900 HP 228 ) T T 266 ) B 228 ) R ) = 3
HIREERLER(8): AU K, 2.4 g, WK 73%. m.p. 162~
164 °C; '"H NMR (400 MHz, DMSO-d;) d: 8.63 (dd, J=
8.0, 1.5 Hz, 1H), 8.11~8.02 (m, 2H), 7.93~7.85 (m, 1H),
7.82~7.78 (m, 2H), 7.78~7.73 (m, 1H), 7.68 (td, J=7.9,
1.3 Hz, 1H); *C NMR (101 MHz, DMSO-d) 6: 146.95,
138.61, 136.82, 135.78, 135.00, 131.83, 126.70, 122.76,
120.71 (q, Jer=323.5 Hz), 118.04 (q, Jer=321.9 Hz),
115.56, 111.12; "F NMR (376 MHz, DMSO-d;) o:
—72.98 (s), —77.78 (s). HRMS calcd for C;3HgF;BrlO;S
[M—OTI]" 506.8374, found 506.8387.

(5= 3 -2-((( = 980 FF 255 )l I 28 ) 4L 268 ) R 3 ) (R 228 ) — 3
FEER I ER(9): IR, 2.11 g, UK 71%. m.p. 148~
150 °C; '"H NMR (400 MHz, DMSO-d;) d: 8.70 (dd, J=
7.2,3.0 Hz, 1H), 8.19 (d, J=7.5 Hz, 2H), 7.84 (dd, J=9.2,
4.3 Hz, 1H), 7.79~7.67 (m, 2H), 7.60 (t, J=7.7 Hz, 2H);
C NMR (101 MHz, DMSO-dg) 0: 160.71 (d, Jep=255.2
Hz), 143.54 (d, Jor=3.3 Hz), 135.03, 132.73, 132.26,
12538 (d, Jor=27.3 Hz), 124.44 (d, Jor=28.7 Hz),
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122.32 (d, Jep=24.1 Hz), 120.72 (q, Jer=323.5 Hz),
118.05 (q, Jer=321.8 Hz), 117.35, 111.77 (d, Je.r=38.6
Hz); "F NMR (376 MHz, DMSO-ds) 5: —72.97 (s),
—77.82 (s), —107.70 (s). HRMS calcd for C;3HgF410;S
[M—OT{]" 446.9175, found 446.9174.

(4-(5- A -2-((C= 30 P 08 s T 5 ) A 2 ) 2R 6 (R AL )
=R TR (10): FER R, 2.06g, I 67%. m.p.
154~155 °C; "H NMR (400 MHz, DMSO-d;) J: 8.95 (t,
J=8.6 Hz, 1H), 8.18 (d, J=7.9 Hz, 2H), 8.11 (dd, J=
10.0, 6.4 Hz, 1H), 7.71 (t, J=7.4 Hz, 1H), 7.59 (dd, J=
10.7, 4.8 Hz, 2H). °C NMR (101 MHz, DMSO-dy) o:
152.21 (dd, Jor=259.9, 13.6 Hz), 149.42 (dd, Jer=
257.4, 12.9 Hz), 143.42 (dd, Jor=9.5, 3.3 Hz), 135.00,
132.73, 132.26, 126.68 (d, Jcr=21.9 Hz), 120.75 (q, Je.r
=323.5 Hz), 118.04 (q, Jor=322.1 Hz), 117.50, 113.54
(d, Jer=22.8 Hz), 106.04 (t, Jor=5.0 Hz); '’F NMR (376
MHz, DMSO-dg) 6: —72.73 (s), —77.87 (s), —123.90
(d, J=28.7 Hz), —131.17 (d, J=25.4 Hz). HRMS calcd
for C;3H;FsI05S [M—OTI]" 464.9081, found 464.9084.

(3,4,5- = F-2-((( = % FP 268 ) 26 ) 4 36 ) R 2 ) (R
) SR PR (1) HEREK, 1.74 g WE 55%.
m.p. 147~149 C; 'H NMR (400 MHz, DMSO-d,) o:
8.34 (td, J=9.0, 2.4 Hz, 1H), 8.07 (d, J=7.4 Hz, 2H), 7.58
(t, J=7.4 Hz, 1H), 7.46 (t, J=7.7 Hz, 2H); *C NMR (101
MHz, DMSO-dy) o: 142.77, 142.65 (d, Jer=3.0 Hz),
142.58, 134.67, 131.39, 131.34, 120.74 (q, Jer=323.2
Hz), 118.74 (d, Jor=4.0 Hz), 118.52 (d, Jer=3.0 Hz),
117.54 (q, Jer=324.2 Hz), 114.98, 104.86; "°F NMR (376
MHz, DMSO-dg) 0: —72.93 (s), —77.79 (s), —144.45
(d, J=22.7 Hz), —149.45 (d, J=21.1 Hz), —151.96 (t,
J=22.2 Hz). HRMS calcd for C;3H¢FIO;S [M—OTf]"
482.8987, found 482.8994.

(3,5~ S-2-((( =3 HR 2 ) T g ) AL ) PR R ) (R R )
SR TR L ER (12): FER R, 2.62 g, U 81%. m.p.
170~172 °C; '"H NMR (400 MHz, DMSO-d,) o: 8.84 (d,
J=2.4 Hz, 1H), 8.36~8.29 (m, 1H), 8.19 (d, J=7.7 Hz,
2H), 7.72 (t, J=7.4 Hz, 1H), 7.61 (t, J=7.8 Hz, 2H). "°C
NMR (101 MHz, DMSO-d;) J: 150.89, 142.12, 136.91,
135.20, 132.37, 131.85, 125.26, 120.74 (q, Jer=323.2
Hz), 118.23 (q, Jor=2323.2 Hz), 117.63, 113.84, 108.81.
F NMR (376 MHz, DMSO-d) §: —70.63 (s), —77.79
(s). HRMS caled for Cj3H;F5CLIOsS [M — OTf] ©
496.8490, found 496.8492.

(5-50-3-F-2-((( = 90 PR 2k il g i ) S 2 ) 2R ) (R 3L )
=R TR (13): AR R, 1.98 g, WE 63%. m.p.
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176~178 °C; 'H NMR (400 MHz, DMSO-d) J: 8.73 (t,
J=2.0 Hz, 1H), 8.27 (dd, J=10.0, 2.3 Hz, 1H), 8.20 (d,
J=8.1 Hz, 2H), 7.73 (t, J=7.4 Hz, 1H), 7.61 (t, J=7.8
Hz, 2H); *C NMR (101 MHz, DMSO-d;) &: 152.14 (d,
Jer=260.6 Hz), 136.33 (d, Jor=10.1 Hz), 135.09, 134.26
(d, Jer=15.1 Hz), 13322 (d, Jer=4.0 Hz), 132.89,
132.40, 123.49 (d, Jor=23.2 Hz), 120.75 (q, Jer=323.2
Hz), 118.18 (q, Jory=2322.2 Hz), 117.64, 113.66; '°F NMR
(376 MHz, DMSO-ds) 6: — 71.67 (s), — 77.80 (s),
—117.25 (d, J=15.7 Hz). HRMS calcd for C3H,F,4CIIO;S
[M—OT{]" 480.8785, found 480.8783.
3.3 MIC {&Eilix

DA R AA X BRAH, SR i R A B2l e H
AL B B AR B I R . B 3% 1k A A K T 4
(1 X10° CFU/mL )T 96 FLHF, BE 12 MKE
BREE, BANREE 3 ANE L, 37 °C, 200 r/min K53% 24 h )5,
g FRAX 600 nm AT EROGSE, 2R FE 5RO il
25433 MIC 1H.
34 BT EMENK

HURFINRE i, 2000 t/min #5012 min 5 ECERDTHE.
4 C RN RS ECN 2.5%K1 % B E € 12 h 5
TR Eh &2 pPIRLEYE 3 IR, B S MIRFERLEE, RIRI N
TV FE A 40 B i 7K, 2000 r/min 250> 12 min. JIEY)H
IADETK OB )G, FERE g T, SEM il
MIFIL LR
3.5 EMBREHEA

K S SUG B A E PENR A S 1 5 R R KR
otk Aham i BT . BUSSUZE KR Hela 40AR(S X 10
ANmLyEEMT 12 fURT, R IR E AR A Y.
WEEY 1IKEE S 64 A1 128 ug/mL, KA /KB E
N 80 A 160 pg/mL. 24 A1 48 h J5 73 ) FH B s L g2 94
SRR M AE KR
3.6 MTT ¢mpaaE it

KH MTT e &l &9 1 5-RRmiksh4nie
FRIETE. BOWBUE KWK Hela 40 8.(10* >/mL)$%40 T 96
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FUBRH, R FRE AR A Y, BE 6 NIRFER
B, AR 3 ANEAL. MEA 48 h 5, BALINA 10 uL 5
mg/mL ] MTT, 4k4:555% 4 h, 3F2 L2, A 100
uL DMSO, #&3% 2 min, BFARAX 490 nm P T & B
B MR A T E A AR THEA T

A2 (%) =(0OD1—O0Dg)/(0ODy,—O0Dg) X 100%
Hh, ODr AAAA IR EAE, ODg ML
HFEAE, ODy A= 0] HEZH ' B .

HBh#4 &l (Supporting Information) H #nfb &9 %
T ARl B NPT B M 22588 . X bRl mT B4 2 AT
X3 (http://sioc-journal.cn/) | T %K.
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