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B DL AR R IT, W2 AR, TR T OB AT AR IR b S e £R SRR N-BE Rk AT AR
B RERE e ER SN, 28 NMR il HRMS #iE T AT GMEE 1 o DL & B 8 A BRI AT BB bk
VIEHGEMERE 1-[3-(4,4- — H 36-3-5(-2,5- AU Rk e - 1- 35 R K ik e - 145 Ak () Xt B, AT &k
BN T TR DIRIINR . 25 R E0, X A0AT A e £k SR TR Pk B A T e A A 2R S i, HLBeE
TEPEREE S EEAE (—CeHis. —CgHiz. —CagHar. —CuoHas ) AU i 3858 s N-Re AT AR R i e it i
AR PR ERE I BT O-% 3 b AT A S B e SEmb e £R 5N . 45— CooHos i Ay NLNE 20 e 4- 15—
FE SR -1-[3-(4,4- —FF 3E-3-5-2,5- AR A RIBR R dog - 1- ) P ST e - 15 S Ak ( X)) A 2-1F + e ik -4-[ 3-(4,4-
THBE-3-G0-2,5- AR UKk doE- 1- ) P LR I E- 1 U ( XVe) siillik B T R R s, T
S 0.056 mmol/L B, £ 5min PN, XITd F1XV e X 4: ¥ B EERE Y |g {E98/ 01535100 1.14+0.05 F1 2.74+0.45,
XK IGHFF R 1g (698850508 0.13+0.01, 0.53+0.01, SUMEZEH -5 KAEGEIEMERE SR 25/ A “YhEIBTE" 2500 o
KR A-FEFENENE; MEPEERAIGANE; ARG PORETENE; IR b BER2EE
FESES: 0626; TQ421 XEiRIAEG: A XEHHS: 1003-5214 (2025) 01-0149-10

Synthesis and antibacterial properties of long-chain
pyridinium N-chloramines

L1 Lingdong™?, LIU Pengfei?, ZHANG Weilun?, ZHANG Songwei?,
J A Dongxue?, ZHOU Hao?
( 1. State Key Laboratory of Fine Chemicals, Dalian University of Technology, Panjin 124221, Liaoning, China; 2. School
of Chemical Engineering and Ocean & Life Science, Dalian University of Technology, Panjin 124221, Liaoning, China )

Abstract: O-alkylated long-chain akyl pyridinium N-chloramines and rn-alkylated long-chain alkyl
pyridinium N-chloramines were prepared by multi-step synthesis using 4-hydroxypyridine as linking unit.
The structure of precursors and corresponding N-chloramines was confirmed by NMR and HRMS, and the
antibacterial activity against Escherichia coli and Staphylococcus aureus of synthetic N-chloramines was
preliminarily evaluated using 1-[3-(4,4-dimethyl-3-chloro-2,5-dioxy-imidazolidin-1-yl)propyl]pyridine-1-
onium chloride (ITb) as control. The results showed that the antibacterial activity of para-derivative of
pyridinium N-chloramine was superior to that of meta-derivative counterpart, with the antibacterial activity
increasing significantly with the increase of alkyl chains (—CgH13, —CgH17, —CioH21, —CioHos). The
antimicrobia activity of N-alkylated long-chain alkyl pyridinium N-chloramines were better than those of
O-alkylated long-chain alkyl pyridinium N-chloramines. Specifically, pyridinium N-chloramines containing
—Cy,H5 4-n-dodecanoxy-1-[ 3-(4,4-dimethyl-3-chloro-2,5-dioxy-imidazolidin-1-yl)propyl] pyridine-1-onium
chloride (XIMd) and 1-n-dodecanoxy-4-[3-(4,4-dimethyl-3-chloro-2,5-dioxy-imidazolidin-1-yl)propoxy]
pyridine-1-onium chloride (XVe) presented the towering antibacterial efficacy. At the active chlorine
concentration of 0.056 mmol/L, within 5min, the Ig value reduction of XIId and XV e against
Staphylococcus aureus was 1.14+0.05 and 2.74+0.45, while the Ig value reduction against Escherichia coli

i EEE: 2024-01-01; EFA HHI: 2024-03-18; DOI: 10.13550/j.jxhg.20240002
EeWH: HFARRAEETIH (41977197)
EEE . 4K (1978—), B, AIZIE, E-mal: lild@dlut.edu.cn,
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was 0.13+0.01 and 0.53+0.01, respectively. There was "synergistic antibacterial" effect between structure of

N-chloramines and long-chain alkyl pyridine salts.

Key words: 4-hydroxypyridine; pyridinium N-chloramines; chemical synthesis, antibacterial activity;

"synergistic antibacterial" effect; drug materials

AR, BURMAEY RSB TIEM SARS
W . RIHROEE . HTNO 8 I BRI 397 750 56 bR o 27
(2019-nCoV ) FEJifT AL DA fEHLE/E, ™ &
B AT A A 5 D 4% UM R T
DUE AT I, B & BEA R s 0 BEL b 2
95 TR0 EE A4 1) Ve R B 0 A JE R

AR 1482 N—Cl #ra k&9,
AR N—CI i AL A ek R IR 4n , 2
JKAE I SURT R A A R R, AT % B 3 e A 55
BT AR, 2 H R AR A L R R TIZ
Pow Az —O% SR, MR 22 K v R
RORAEH AR Sy, AR o A
BEEL | EBEEL | BUEREL I S A L A i 5 A B
R R, REZEIRIE TR 1 Fs bl T a RFm
Fhpih e . VAo A RFRAY e SR & . DAY
RF BB A N . DL VIa MR Ak &
LAV AV A F i S i s e (181 1), _FaR B
B PR SO ks T A K, TEIRE, BHES
5 2 T R P A e PR ) S R R e T U
VLA, 5 PHE TSP m i I > 1 b>

0] (0]
/\/\Ilp('\)n\o %’ "N/\/\N,,'\COO,
N Cr & N AN
\\( \\<0

(0]
/\/\N+'\/\SO§
Nx /\

Via> 1 ™, gr—0F s M, A 1 A VIBH &
FHODER KIS, W1—CpHos A, HUE MR
FH5E, W 1 b A VIb 43R T R & 50 feff 4t
TR TR 1, 3 G e B T R K A P S T4 A D [ T
FrEdtt A AR T R T T 3R IR Y
S o B g R S8 K V=Vl FnVlla~Vile (& 1),
R IE—CHas HIEE e HA H A BH 2 7 5 S i
W e B T TE RS, MAREK Z50YR5E T 3T 4-
¥ B Mg FN 3-8 H IR E AT R L E SR, R B 4-
S R L R AU I R B . SOUK UP 251814 3
T KR BB M b i R T A ) A TR O TR A b e (X
B ) IEMEDL T B e £R (R0 ) X4

AL 4-F2FEME B TT, K2 RN A
BT & L IR R A e Stk ek S0 XTI a~ X d
FIXVa-XVe, KA E (NMR) FIE
BRI (HRMS) RAFFT A MM, I+
1-[3-(4,4- /1 3-3-50-2,5- A AU IR ms e - 1- 35 ) P 4]
M- 148504k (St T b)) gt B, S AR I (4T
BRI, R R R OB T P 1 R R AR R
M IR R

cr “ar a % cr X Cr
Y Ta:in=0; \%4 A% OVla:n=0
Ib:n=11 VIb: n=11
0 o) B o T o
\ A u Ccr
%MN+\ N/\/\II’+ ‘B_u %\/\/O S *(* %/\/\N+\ OWCHa
x R N B ar \@Cr Oty N L~
o) Cl % u : Y P ol Y
Ma:X=H; Ul Vla: n=7; VIb: n=9; Wlla: n=7; XIb: n=09;
ITb: X=Cl Bu K T# . Wlep=11 Wle:p=11
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, & r T e e
g Ny
N N & N \/\/0 N 5
a X - a X s
O 0., CH, Y Ny -CH,

. R XVa:n=0; XVb:n=35;
)é_ﬁizizzgf %E::Zi XVe:n=7;XVd:n=9;
' ’ ' XVe:n=11

BI1 B B AN AR SO B e R e 2 e 3 AR G2 X ad 1 XV ae 19451
Fig. 1 Structures of ionic N-chloramines and proposed long-chained pyridinium N-chloramines Xlll a~d and XV a~e
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MLH e . -k . 1R -2k . 1R T
TBE, BB 98%, EiEBTH T AL RHE
e A BRA W 5 BRFRER . BUT BE (¢-BUuOH ), Wik
AR, BEREA AN, AR, Rt AL TR AR
HIRAT; 25 (CHCN), AR, KHEH & T4 40
L TAH R,

OXOID Zifig# (BR)., OXOID REFM (N
JEEFEF] ). OXOID Yeast Extract ( IVD ), JLEFE/R
AR ARAGRARRM,; SEEmAKE (S

%M

aureus, ATCC 25923). KmtFE (E. coli, ATCC
25922), Ki%EBERIRE4RL,

AVANCE NEO 500 MHz B i % e %48,
1% Bruker /A7) ; Q-Exactive B &/ HE s, 3£
[E| Thermo Fisher Scientific /A% ; HH-B11-BS- 1 %
RVER KR R4, BRI I A IRA A
XM-30R A% S8R K F e, SO A R A ]
12 &HAZE

SR FEE T TR .

0)

0
X
e 1)L L O W O 5]
t-
yb 0,4 CH; CHCON \\<0 0, cHcr H0/BuOH Z 0., CH,
X Xi X X ”
0 0
OH P

CH3VBI(CH2)nCH3 M

X+ Ny — HN \\< \/\/O — " 5> HN %N
| Jemen N CHCN
N X =

\/\/0 —> N\/\/O
. HO/BUOH %}) ey
(6] 7 M;C Cl /NMCHS

OH (O

N N
. ~ N
X+ @CH;CN HN\\%

1.2.1 w4k Xla~d 4 &
BN (X ) R SCHR[22] 7 k6 455 e
ASEME ( XTa=XId) 2R FH SCHk[19-20] 5 B il 4% o

0
HN\% o, ,CH,

+

)
CHil M

—>
CH,CN

B

KX

0
ﬁQ/\/\I@\ QBrf
|
Z owncm cr

Xla: n=5; XIb: n=7,
Xlc:n=9; Xld: n=11
LI XMas ik ) . 75 50 mL [RE B3+, 4 1.03 g
(4.15 mmol ) tbkEWIXET 20 mL ZJEH, A
0.689 (3.77mmol ) kAW Xla, 4 M i EEE
JgAdE g 8 he 5 1k N JE VAR, AR E T (DR
K VFED) - V(AT BE)=3: 20) 0, 155 1.19¢
TEFPRARXTa by, 7% 73.7%., ¥ Xla it
Vs TR KT, ZoEd@AMNHE T
ARG, Wedn 515 2R Xla, Sk A5 Xla 2Bl
J7 14 X b~d.,
4-1F O b H HE-1-[3-(4,4- T 3k-2,5- S ARk
Pt -1-J) N ML BE - -8k (Xlla): JoEzhHk
Wtk , 772 73.7%, *HNMR (500 MHz, D,0), J: 8.51

o —_—> N~
\@ ca,en N
= O

A cr

o C /

N Q HZO/t BuOH N\\<N\/\/O N CH,
= 4

XVl

I’/Br+-BuOCl

XV

(0
t BuOCl

Xvii

(d, 2H), 7.36 (d, 2H), 4.34 (t, J=7.2 Hz, 2H), 4.29 (t,
J=5.4 Hz, 2H), 3.64 (t, J=6.2 Hz, 2H), 2.12 (m, 2H),
1.91~1.83 (m, 2H), 1.32 (s, 6H), 1.21 (m, 6H), 0.77 (t,
J=6.1 Hz, 3H); *CNMR (126 MHz, D,0), ¢: 180.8,
170.2, 157.4, 145.4, 113.6, 68.6, 60.0, 59.1, 48.9, 35.7,
30.3, 26.5, 24.8, 23.4, 21.7, 13.2, ESI-MS, m/Z:
[M=CI]* 3l 348.2282, i {l 348.2285,

A-1F e SR 3 -1-[3-(4,4- 1 3E-2,5- S AR kg
Pt -1- ) P ke - 1455k (XIb): JCEFEPPIR
Wik, 1.35g, /7% 64.5%, *HNMR (500 MHz, D,0),
5: 8.52 (d, 2H), 7.37 (d, 2H), 4.35 (t, J=7.1 Hz, 2H),
4.29 (t, J=5.4 Hz, 2H), 3.64 (t, J=6.2 Hz, 2H), 2.12 (m,
2H), 1.87 (m, 2H), 1.32 (s, 6H), 1.25~1.09 (m, 10H),
0.76 (t, J=6.7 Hz, 3H); ®*CNMR (126 MHz, D,0), &:
180.7, 170.2, 157.4, 145.4, 113.6, 68.6, 60.0, 59.1,
48.9, 35.7, 30.9, 30.1, 28.2, 26.5, 25.1, 23.5, 22.0,
13.4, ESI-MS, m/Z: [M—-CI]*#it{H 376.2595, il
Rl 376.2602,

A-1F B3 Jo A F-1-[ 3-(4,4- 1 3£-2,5- SR AR Ik mg
Bt -1-JE) I L BE - -8k (Xle): JoEBEHPIR
Wik, 1.689, /7% 60.7%., *HNMR (500 MHz, D,0),
J5: 8.69 (d, 2H), 7.45 (d, 2H), 4.53~4.40 (t, J=7.1 Hz,
2H), 4.39~4.30 (t, J=5.4 Hz, 2H), 3.62 (t, J/=6.3 Hz,
2H), 2.16~2.05 (m, 2H), 1.89 (m, 2H), 1.32 (s, 6H),
1.22~1.00 (m, 14H), 0.64 (t, J=6.1 Hz, 3H); *CNMR
(126 MHz, D,0), 6: 180.1, 170.3, 157.2, 145.7, 117.4,
113.8, 69.0, 59.0, 35.6, 31.6, 30.7, 29.0, 28.8, 26.7,

25.6, 23.7, 22.4, 13.7, ESI-MS, m/Z: [M-CI]*Hit
& 404.2908, Mz {H 404.2909,
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4-1F -+ e I -1-[3-(4,4- — H 36-2,5- ARk
I - 1- ) P L ik e - 185tk (XTI ): TGk
SRR, 2.26 g, 77 % 72.9%, 'HNMR (500 MHz, D,0),
5: 8.81~8.69 (d, 2H), 7.53~7.40 (d, 2H), 4.52 (t, J=7.0
Hz, 2H), 4.34 (t, J=5.3 Hz, 2H), 3.61 (t, J=6.2 Hz, 2H),
2.16~2.05 (m, 2H), 1.91 (m, 2H), 1.32 (s, 6H), 1.14 (m,
18H), 0.66 (t, J=5.8 Hz, 3H); *CNMR (126 MHz,
D,0), 5: 179.9, 170.3, 157.1, 146.2, 145.8, 113.8, 69.1,
59.8, 58.9, 35.5, 31.8, 30.9, 29.6, 29.5, 29.3, 29.2,

27.8, 26.8, 25.8, 23.7, 22.5, 13.8, ESI-MS, m/Z:
[M=CI]* il 432.3221, Wiat{l 432.3217,
1.2.2 & X a~d 4 %

0
/\/\%lj N Br #BuOCl
HN\\% L Q 'H,0/t-BuOH
0, CH; *cl
Xla: n=5; XIb: n="7;
Xlc:n=9; Xld: n=11
0

Xllla: n=5; XMb: n=7;
Xlllc:n=9; XIId: n=11

PIXIMa & /N B . 78 25 mL BB, K
0.40 g (1.04 mmol ) fiifAXIays T 3.6 mL ARFLLL K
4 1 HRUT BEDKIRA RIS, BrHAHmA 0349

(0.36 mL, 3.13mmol ) +~BuOCI, 2 ka0
SN 24 ho 4510 SO J5 e, B AT A5 30 S0k X a,
SR AR TR 77 7 A i U X b~d,

4-1F C fg A K -1-[3-(4,4- — W 3 -3-4-2,5- &
AR JE - 1-JE ) P JE ] L g - -85 54k ( XlTa): ot
FEFIR M A , 0.44 g, 722 100.0%, "HNMR (500 MHz,
D,0), d: 852 (d, 2H), 7.41~7.28 (d, 2H), 4.35 (t,
J=7.1 Hz, 2H), 4.30 (t, J=5.4 Hz, 2H), 3.73 (t, J=6.2
Hz, 2H), 2.14 (m, 2H), 1.88 (m, 2H), 1.39 (s, 6H),
1.22~1.16 (m, 6H), 0.77 (t, J=6.2 Hz, 3H); *CNMR

(126 MHz, D;0), J: 176.9, 170.1, 155.8, 145.5, 113.6,
69.7, 68.7, 66.2, 60.0, 37.0, 30.3, 29.6, 26.4, 24.8,

21.7,13.2, ESI-MS, m/Z: [M-CI]" B {f 382.1892,
iR {A 382.1890.

A-1F o fot SR B - 1-[3-(4,4- — 1 3£ -3-5-2,5- &
FRIDK IR J5E - 1- 3 ) P JE ] ML E - 14824k ( X ): Tofh
FEFIR WA, 0.54 g, 7= 100.0%, "HNMR (500 MHz,
D,0), J: 8.53 (d, 2H), 7.36 (d, 2H), 4.36 (t, J=6.9 Hz,
2H), 4.30 (t, J=5.3 Hz, 2H), 3.73 (t, J=6.1 Hz, 2H),
2.19~2.09 (m, 2H), 1.87 (m, 2H), 1.39 (s, 6H),
1.22~1.13 (m, 10H), 0.75 (t, J=6.5 Hz, 3H); *CNMR
(126 MHz, D,0), §: 176.8, 170.1, 155.7, 145.5, 113.6,
68.7, 66.2, 60.0, 37.0, 31.0, 30.1, 29.6, 28.2, 26.4,

25.1, 22.0, 21.0, 13.4, ESI-MS, m/Z: [M-CI]*'FHi&
{H 410.2205, i {H 410.2213,

4-1F B8 ot A HE-1-[3-(4,4- W HE-3-5-2,5- 4
AR dog - 1-FE) Y FE] L I - 148 20k ( X e): ofn
FhFRRIAA, 0.53 g, 7% 100.0%. ‘HNMR (500 MHz,
D,0), 6: 8.62 (d, 2H), 7.42 (d, 2H), 4.52~4.39 (t,
J=6.9 Hz, 2H), 4.35 (t, J=5.7 Hz, 2H), 3.73 (t, J=6.1
Hz, 2H), 2.22~2.07 (m, 2H), 1.95~1.83 (m, 2H), 1.37
(s, 6H), 1.06 (m, 14H), 0.67 (d, J=6.7 Hz, 3H):
BCNMR (126 MHz, D,0), ¢: 176.1, 170.3, 155.4,
145.7, 113.8, 68.9, 66.1, 60.0, 37.0, 31.6, 30.5, 29.6,

29.1, 28.8, 26.6, 25.5, 23.6, 22.4, 21.3, 13.7, ESI-MS,
mlZ: [M—CI]* it {H 438.2518, iMlif(4 438.2516,
4-1E+ T B -1 [3-(4,4- T T -3--2,5-
SRR e Jog - 1- 3 ) P FE T I i - 1435016 ( XTI d )
T FFRR AR, 0.53 g, 73R 100.0%. "HNMR (500
MHz, D,0), ¢: 8.70 (d, 2H), 7.46 (d, 2H), 4.50 (t,
J=6.1 Hz, 2H), 4.36 (t, J=5.3 Hz, 2H), 3.73 (t, J=6.1
Hz, 2H), 2.25~2.03 (m, 2H), 1.89 (m, 2H), 1.37 (s,
6H), 1.10 (m, 18H), 0.63 (t, J=6.4 Hz, 3H); *CNMR
(126 MHz, D,0), ¢: 175.7, 170.3, 155.1, 145.7, 113.8,
69.0, 66.0, 59.9, 37.0, 31.7, 30.7, 29.6, 29.6, 29.4,

29.1, 26.6, 25.7, 23.7, 22.5, 21.4, 21.2, 13.8, ESI-MS,
mlZ: [M=CI]*Bli5 (1 466.2831, MIit{H 466.2831,
1.23 AR X = XVIA &

O

o A
N _~_0

Xy ——> HN A
X+ || CHON X |
~ _N
N
OH 0
X % )
—
e O s - &)
0 _
XVI

DL X A . 78 125 mL BB % 2.57 g
(27.0mmol ) 4-FFELMEER T 70 mL 2N, A
7.46 g (54.0 mmol ) JC/KBRERER, 245 MR B,
A E R 1 h JEHNA 6.70 g (27.0 mmol ) IX, #kZE
BIE 4 h, (RN, B8R ToHLEL, W48 5 Skt 2 b
(kBRI V(T EE) « (S 5E)=3 : 50) 4lifk,

BIRTA530 X o SRS 7 v A 1 XV .

5,5- . H KL -3-[3-( Mk B -4- 4 FE ) PN S ] - 1K e o -
2,4-—Mi ( X ): Ak, 4.74 g, 7% 61.5%, ‘HNMR
(500 MHz, D,0), &: 7.84~7.78 (m, 1H), 6.53~6.46 (m,
1H), 4.02 (t, J=6.9 Hz, 1H), 3.47 (t, J=6.6 Hz, 1H),
2.12 (t, J=6.7 Hz, 1H), 1.28 (s, 3H); *CNMR (126
MHz, D,0), 5: 180.6, 179.4, 157.2, 145.2, 117. 4, 59.0,
55.0, 35.8, 27.9, 23.4, ESI-MS, m/Z: [M+H] Bt
264.1270, MiA{H 264.1291,

5,5- . H 5L -3-[3-( Mk B -3- 4 Jk ) PN S ] - IOk mae o -
2,4- i ( XVI): H@fE{k, 2409, 7=* 58.6%.
'HNMR (500 MHz, CDCl3), d: 8.23 (s, 1H), 8.14~8.13
(m, 1H), 7.14~7.13 (m, 2H), 6.27 (s, 1H), 3.99 (t,
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J=6.0 Hz, 2H), 3.66 (t, J=6.8 Hz, 2H), 2.11~2.05 (m,
2H), 1.35 (s, 6H); *CNMR (126 MHz, CDCly), §:
177.1, 156.0, 154.9, 142.3, 138.1, 123.8, 121.2, 66.1,
58.7,36.1, 27.9, 25.1, ESI-MS, m/Z: [M+H] Bl (i
264.1270, MiX({H 264.1343,

1.2.4 w74 XIVa~e &%

0

CH,1/Br(CH,),CH,

P NNRCILYCIT:
% | CH,CN
(0] _N

X
(o)

I/Br

Hg Cr

HN O
~ b e
Z N

XIVa: n=0; XIVb: n=5; "

XNVe:n=7, XNd: n=9;

XIVe: n=11

HIA XIVa & : 76 50 mL [REAei e, 4% 1.50 g
(5.7 mmol ) fb &Y XET 20 mL ZJEH, A
1.40g (9.8 mmol ) BLH e, FEKNY 12 h, 151k
N, Weag A RN ORsEy V(B « 1
$i)=2: 25) 43 B, HIAI53) 1.60 g Jo B HRR i 1A
XIVa#ifbdy, 7= 72.0%. % XIVa it fb % Tkt
EBETK, BEET AR E et , wawns
#| XIVa,

1-H 3L -4-[3-(4,4- = W 3E-2,5- A AR DK e e - 1-
H)WAEFEIME-1- A4k ( XVa): HNMR
(500 MHz, D,0), 6: 8.55 (d, 2H), 7.39 (d, 2H), 4.37 (t,
J=7.2 Hz, 2H), 4.03 (s, 3H), 3.47 (t, J=6.6 Hz, 2H),
2.21 (m, 2H), 1.32 (s, 6H); *CNMR (126 MHz, D,0),
5: 180.6, 171.5, 157.1, 145.5, 113.5, 59.2, 57.8, 57.0,
35.1, 28.6, 23.4, ESI-MS, m/Z: [M—=CI]"# it 4
278.1499, i {H 278.1450,

LIXIVb &8 M, 76 50 mL B, ¥
1.23g(4.68 mmol ) X AT 20 mL ZJiEH, A 1189

(0.98mL, 7.02 mmol ) IEVR Tt , 425 i v BE A
JAATE R 8 he 45 1k RN, V4R 5 AL 2 AT (PR
V(R EE) « (A BE)=3: 20) 40, 155 1.31g
To AR AR XIVD 546, 7% 65.3%. ¥ XIVb
AL TR KB K, 5@ A E T
et , Wedn 5152 XIVb, SR 5 XIVb 50 7 A
A% XIV c~e,

1-1F & e Fe-4-[3-(4,4- — 1 HE-2,5- A TR b -
1) AL ke - 1855k ( XIVb): o ZhR
Wik, 7% 65.3%, '"HNMR (500 MHz, D,0), J: 8.53
(d, 2H), 7.38 (d, 2H), 4.38 (t, J=7.0 Hz, 2H), 4.30 (t,
J=6.5 Hz, 2H), 3.49 (t, J=6.5 Hz, 2H), 2.24~2.22 (m,

2H), 1.81 (m, 2H), 1.80~1.25 (m, 12H), 0.80 (t, J=6.8
Hz, 3H); *CNMR (126 MHz, D,0), J: 180.6, 170.9,

157.1, 145.4, 113.8, 71.4, 59.1, 57.0, 35.2, 30.6, 28.6,
27.7,24.6, 23.4,21.9, 13.3, ESI-MS, m/Z: [M-CI]*
IR (H 348.2282, i {H 348.2280,

1-1F ¥ e 3 -4-[3-(4,4- — H 3E-2,5- ARk B e -
1-F) N AR L g - 155500 ( XIVe): Joa iR
Wik, 1.30g, 7% 65.0%. 'HNMR (500 MHz, D,0),
5: 8.60 (d, 2H), 7.40 (d, 2H), 4.40 (t, J=6.9 Hz, 2H),
4.29 (t, J=6.3 Hz, 2H), 3.46 (t, J=6.5 Hz, 2H), 2.22 (m,
2H), 1.75 (m, 2H), 1.38~1.14 (m, 16H), 0.75 (t, J=6.3
Hz, 3H); ®CNMR (126 MHz, D,0), J: 180.5, 170.9,
157.1, 145.5, 113.8, 71.4, 59.1, 57.0, 35.1, 31.2, 28.7,
28.5, 28.4, 27.8, 25.0, 23.4, 22.1, 13.5, ESI-MS, m/Z:
[M=CI]* 3l 376.2595, i {H 376.2598.

1-1E 2 e h-4-[3-(4,4- — W 3-2,5- — AR DR Mk J -
1-F) N AR L g - 155500 ( XIVd): JCEEEHRR
Wik, 1.219g, 7% 61.0%. 'HNMR (500 MHz, D,0),
J: 8.74~8.61 (d, 2H), 7.41 (d, 2H), 4.48~4.37 (t, J=5.8
Hz, 2H), 4.29 (t, J=5.8 Hz, 2H), 3.40 (t, J=6.4 Hz, 2H),
2.20 (m, 2H), 1.81~1.67 (m, 2H), 1.35 (d, J=7.0 Hz,
2H), 1.31 (s, 6H), 1.18 (m, 12H), 0.72 (d, J=6.8 Hz,
3H); *CNMR (126 MHz, D,0), §: 180.1, 170.6, 156.8,
146.0, 113.7, 71.3, 66.1, 59.0, 57.0, 36.4, 31.8, 29.5,

29.4, 29.2, 29.0, 28.3, 25.6, 23.6, 22.5, 13.8, ESI-MS,
mlZ: [M—CI]* Bt {H 404.2908, iMif(H 404.2913,
1-1E+ e He-4-[3-(4,4- - F 3E-2,5- A Ak mk
Pt -1-J) N A SR L RE - 155580 ( XIVe): Tota i
R AA L 1.25 g, 77 % 62.5%, "HNMR (500 MHz, D,0),
5: 8.74 (d, 2H), 7.45 (d, 2H), 4.44 (t, J=6.0 Hz, 2H),
4.31 (t, J=5.6 Hz, 2H), 3.40 (t, J=6.3 Hz, 2H), 2.19 (m,
2H), 1.79~1.68 (m, 2H), 1.24 (m, J=7.13 Hz, 24H),
0.77 (t, J=6.1 Hz, 3H); ®*CNMR (126 MHz, D,0), §:
179.9, 170.4, 156.8, 146.2, 113.9, 71.5, 66.2, 59.0,
57.1, 34.9, 32.0, 31.8, 29.9, 29.8, 29.6, 29.5, 29.1,
28.6, 25.8, 23.7, 22.6, 13.9, ESI-MS, m/Z: [M—-CI]*
e {H 432.3221, ik {H 432.3218,
1.25 B XVa-e bk

O
.. t-BuOCl
HN \/\/O N QI /Br ;
~ | . H,0/+-BuOH
0 Ny CH Cr
XVa:n=0; XIVb: n=35;
XNc:n=7, XIVd: n=09;
XNe:n=11
(6]
Ao
’NK ~ N | N o
Cl o) /N’;M,CHg

XVa:n=0; XVb:n=35;
XVe:n=7, XVd:n=9;
XVe:n=11
AR 1.2.2 75,
1-H 5E-4-[3-(4,4- — W 5L -3-5(-2,5- S ARk
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ot -1-55) N EUE L IE - 18050k ( XV a): o R
R, 050 g, 773 100.0%. "HNMR (500 MHz, D,0),
5: 8.57 (d, J=7.2 Hz, 2H), 7.43 (d, J=7.2 Hz, 2H), 4.41
(t, J=7.1 Hz, 2H), 4.06 (s, 3H), 3.58 (t, J=6.6 Hz, 2H),
2.26 (m, 2H), 1.42 (s, 6H); *CNMR (126 MHz, D,0),
J: 176.9, 171.5, 155.5, 145.5, 113.6, 66.3, 57.8, 56.9,
36.3, 28.6, 20.9. ESI-MS, m/Z. [M-CI]"H i {4
312.1110, i fA 312.1109.

1-1F C e 3 -4-[3-(4,4- — H 3-3-50-2,5- AL
DR foe - 1- 56 ) P AR R T i e - 145 504k ( XV b): Tota
PR ,0.48 g, 7% 100.0.0%,"HNMR (500 MHz,
D,0), é: 853 (d, 2H), 7.39~7.38 (d, 2H), 4.39 (t,
J=6.4 Hz, 2H), 4.30 (t, J=5.8 Hz, 2H), 3.58 (t, J=5.8
Hz, 2H), 2.27~2.24 (m, 2H), 1.80~1.77 (m, 2H),
1.40~1.25 (m, J=7.6 Hz, 12H), 0.80 (t, J=5.8 Hz, 3H);
3CNMR (126 MHz, D,0), ¢: 176.8, 171.0, 155.5,
145.4, 113.8, 71.4, 66.3, 56.9, 36.4, 30.6, 28.5, 27.7,

24.6, 21.9, 20.9, 13.3, ESI-MS, m/Z: [M—-CI]*Hit
{H 382.1892, i {H 382.1893,

1-1F - Joe i -4-[3-(4,4- W HE-3-4-2,5- —F AL
IR e - 1- 56 ) P SR R L e - - Ak ( XV e): ot
FEFIRM A, 0.48 g, 77 100.0%, "HNMR (500 MHz,
D,0), d: 8.62 (d, 2H), 7.41 (d, 2H), 4.44 (t, J=6.7 Hz,
2H), 4.31 (t, J=6.1 Hz, 2H), 3.55 (t, J=6.5 Hz, 2H),
2.29~2.19 (m, 2H), 1.82~1.72 (m, 2H), 1.44~1.07 (m,
18H), 0.74 (t, J=6.2 Hz, 3H); *CNMR (126 MHz,

D;0), 4: 176.4, 170.8, 155.2, 145.7, 113.8, 71.4, 66.2,
57.0, 36.3, 314, 29.7, 28.7, 28.6, 28.0, 25.3, 22.3,

21.0, 13.6, ESI-MS, m/Z: [M—CI]* ¥ i {E 410.2205,
ML 410.2207,

1-1F %8 Ji 3 -4-[3-(4,4- — W1 3 -3-50-2,5- AR
I A s - 1- 5L ) P AT e - -4 51k ( XV d): Bt
FEFIR A, 0.50 g, =% 100.0%. "HNMR (500 MHz,
D,0), J: 8.81~8.62 (d, 2H), 7.44 (d, 2H), 4.49 (t,
J=6.7 Hz, 2H), 4.36 (t, J=6.1 Hz, 2H), 3.53 (t, J=6.5
Hz, 2H), 2.30 (m, 2H), 1.84~1.65 (m, 2H), 1.25 (m,
20H), 0.73 (t, J=6.2 Hz, 3H); *CNMR (126 MHz,

D,0), ¢: 176.0, 170.6, 155.0, 146.0, 113.80, 71.3, 66.1,
59.0, 57.1, 36.3, 31.8, 29.7, 29.6, 29.3, 28.3, 25.7,

23.6, 22.5, 21.2, 13.8, ESI-MS, m/Z: [M—CI]"#it
{H 438.2518, MjiA{H 438.2519,

1-1F + ke 3e-4-[3-(4,4- —H 3E-3-5-2,5- AL
IR M o - 1- 3 ) P SR ik e - 145501k ( XVee): o
FEFAR A, 0.51 g, =5 100.0%, "HNMR (500 MHz,
D,0), 6: 8.74 (d, 2H), 7.45 (d, 2H), 4.50 (t, J=6.1 Hz,
2H), 4.33 (t, J=5.6 Hz, 2H), 3.52 (t, J=6.5 Hz, 2H),
2.31~2.21 (m, 2H), 1.80~1.70 (m, 2H), 1.37~1.08 (m,
24H), 0.74 (t, J=6.4 Hz, 3H); *CNMR (126 MHz,
D,0), 6: 175.9, 170.5, 155.0, 146.1, 113.8, 71.3, 66.1,
59.0, 57.1, 36.3, 31.9, 29.8, 29.7, 29.5, 29.4, 28.7,
28.4, 25.8, 23.7, 22.6, 21.2, 13.9, ESI-MS, m/Z:

[M—CI]"#li14 466.2831, (Y 466.2837,

1.2.6 A7 XVI-&- A%,

O O

CH3I r

16 50 mL BB, ¥ 1.30 g (4.9 mmol )
XVIIET 20mL 2JfEH, finA 0.80g (5.6 mmol ) fill
He, IR 12 ho (51N JRWeSs, 4k 2
(WS V(P EE) - MM bE)=2:25) 708,
A3 1.40 g JoOFEPRRE R XVTBUL ), =R
63.5%, 4 XVIWfL s T/ w258 1K, S8t
FAIRH B FAc A, W T A XV,

1- 1 3 -3-[3-(4,4- — H1 3 -2,5- — S ARk e fo - 1-
L) S FE] e - 155 e ( XVT): 'HNMR (500
MHz, D,0), 6: 8.44 (s, 1H), 8.33 (d, 1H), 8.00 (d, 1H),
7.87 (d, 1H), 4.30 (s, 3H), 4.18 (t, J=5.4 Hz, 2H), 3.65
(t, J=5.5 Hz, 2H), 2.13~2.06 (m, 2H), 1.33 (s, 6H);
BCNMR (126 MHz, D,0), &: 180.8, 157.6, 157.5,
137.7, 132.8, 130.7, 128.3, 67.9, 59.1, 48.3, 35.7, 26.7,
23.4,13.7, ESI-MS, m/Z: [M-CI]"#i¢{H 278.1507,
iRk {H 278.1505,
1.2.7 & XVI4mk&,

\ g L +BuOC
HN \\<N\/\/0\©+’CH3Q HZO/BuOH%é\/\/O SCHs
O =

XVI
B ROTER 1.2.2 95,
1-F 3 -3-[3-(4,4- — F R -3-4-2,5- — FE Ak ms

Pt -1-F) N AR R L E - -85 584k ( XVID): T b
P, 1.00 g, 7% 100.0%. "HNMR (500 MHz, D,0),
J5: 8.43 (s, 1H), 8.36~8.33 (d, 1H), 7.99 (d, 1H), 7.88
(d, 1H), 4.30 (s, 4H), 4.19 (t, J=5.5 Hz, 2H), 3.74 (t,
J=6.3 Hz, 2H), 2.15~2.09 (m, 2H), 1.40 (s, 6H);
¥CNMR (126 MHz, D,0), ¢: 177.0, 157.6, 155.8,
137.8, 132.8, 130.7, 128.3, 67.9, 66.2, 48.4, 37.0, 26.6,

20.9, 13.7, ESI-MS, m/Z: [M-CI]"#ig{H 312.1121,
MR 312.1115,
1.3 mEFEMENK

KA B O IRE (S, aureus, ATCC 25923 )
FRWGAFE (E. coli, ATCC 25922) W=k,
DT T ) A SR PO BT TR TG 1 o R B TS DX A7
firAzmeneE R S, B LIEM T AXt g, 4k
R AR A S8 e XVILFT XV a f9470 B 1 1

SR BE AR V% 725 00 S b e 2 e S e B T AR Ay
PR tEae™ . HAKF 3 m T . 4 BB 20 pL
(0.28 mol/L )AH A5 10 mL — & & 1 B 40 # 7%
WA AR A, 4 BIVER 5 1 10 min, £ H0H 1 mL
RAWS L mL ) NapS,05 1 i (54341 0.05% )
REHE], BBEEMBIFREEE RSB LR
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20~24 h, HJi FAEARH B0 00 0 A7 A4, SR
(1) A (2) HEMERDCE (%) K& Ig Hib
iw, WEHEASE M.

Y0 e D 12 /%=(4 — B)/A x 100 (1)
Ig /b & =Ig(4/B) ( B>0 I} )
=% 1g {E /b iE=lg4 ( B=0 I} ) (2)

e 4 X RE ST R VR T RO A A T TR R,
CFU/mL ; B AR HEPT i i3 5 o A i V% 1803
ROV M, CFU/mL,

2 ZR5WE

21 B#RSEEMK

S XMa~d F1XV a~e £ iR F HIRUE fE
JE A-FEFEMLIE Tl k N-Be R A O-ke B AL Hs
i PRI IR R SEBE IR S 15, S IR AR
il f IE R N AR R IX, Bl fS 2 IROCHR[19-20) 5 75, %

A-FRFEMEE S 1-RIE OGS TR bR TE DMF Hindi
AT O-BEFEAL N, 25 FR HXT e S SE L iE Xl ad
SRIG, 5 IXTE NG R4 F =4k, il 7k
e+ EME R Xla-d, 55— 5 1, 2 BESCHR[21) 53,
FERRBREPAEAE . ZIE A Nl TIX S 4-%3
MEnE O-%e 3tk r= X ; e, SRk e bl
TR XIVa~e, A Lo [ 4 58 e ot 7 0 40 Bl 16 1

SR AR Ty v il & S e A XVIL, A wiffAR (Bro)

BB T ac )R, FERDESAF T 4 +-BuOCl & 1k
AR XMa~d. XV a-e fI XV, piik&EiL)5,

THNMR R (LLXV b R ) A0 KR 1 3
SR R R L H AR RS 2 B  6 3.49 B8 5 5
5 3.58 FI M\ 6 1.33 %% 3h 3 ¢ 1.40( &l 2); [A] i *CNMR
S 2 SR b2E il 6 59.1 #8h E] 6 66.3,
BT A B N—CI A AW FL T RO TS, S
AR IE AT, 454 HRMSEA, 1]
DLBHAf TR Ak e 4, il T Hbs sk .

a < o
" a ¢
o6 0o ~ o~
~ ~7
I
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Fig. 2

22 mEEYEST

% 1O AR S XV, XV a B E i
PEXT L

MFELTLIAE S, IrawiAkla, XIVaf XVl
FRIEERN AR D, BRI RAR YL RE ST, X
Mk I S KA e S T B, 5 AR TR 4 T304 3 52
2y &P i Tb, XV, XVafe 5min NEIER
TS BENEEED, X &R aRAaEkEN g
/b H 458 0.07+0.02. 0.05+0.01 #1 1.91+0.22;

1 1 s
90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15

0

1
1.0 05

ik g R R SR TR XIVD (@) K5 XVb (b) B 'HNMR %4
'HNMR spectra of pyridinium N-chloramine precursor XIVb (a) and N-chloramine XV b (b)

AH R B[] ORI AF B Y 1g R & 4390 0.13+
0.01. 0.09+0.00 F1 0.16+0.01, Hirr, o7 i 4= Sk
XVa /R T AX B BT e 2, 8 1T b 5 a4 X
o7 ) XVIG M 22 BE R O, 3% B L g 58 BH 25 0 AR
XL B X PT G A AT 2R X, 51
JHe XV a 25 4] itk e £ a] 40k - X AR g #, A skl
SN Gy s, SRR RS (F 3),
RN T AR BT RIR ) ot —20 R AR TS
e )& 0.056 mmol/L( 1 A 1 vk B 0.56 mmol/L )
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X H—CroHos A @ Ve A1 XV e YL G MR &
B, —HTE 5 min X4 8 A A B 1Y g (kD>
4354 0.07+0.02 1 0.38+0.01 ( HdE A H ), [F]
FEZRIH, WHOEAT AR UM XV e &iu) A%t 1 9 il B
TR R — 2, A AR B S e Eh BT R AL
%m&[l?-ls]o

K 3
Fig. 3 Schematic illustration of long-chained Pyridinium
N-chloramines biocidal action

FBERLIE LR ST R

F 2 M 3 RPN b Mxf g, & XIa~d F1 XV
b~e P HEEIE ., hE 2 M 3ALIFEL, HifkXlab

FIXIV b~c 34 F B H AT AT 40 BTk 2L, 302 i fir 485
B R R, AN DUEE A AR S sk,
%ﬁ_cloHﬂleE/‘JXﬂC\ XIvd ﬂ]:f%_cleZS E/‘JXIId\
XIVe Rt B B E PRI, H#E—CHos
FXId, XIVe 53l 1 R R 5 s P m it 5
min P XITd F1 XIV e (1) 4 85 (05 % BR 18 19 | g (/>
43 512h 2.03+0.00 I 2.52+0.01, Xld B KHHTFE 1g
{Hs /4 2.12+0.18, 1 XIVe NS2P T 45, W
I S 3 O BT B T T R M v T K e S B
S T A 4 e R 2O s 2, Xlle~d A XIV d~
Ve 78 Bl vl LUB VEBU R 6 M 6 0% ge ke S 4t
bl

N 2 Fl 3 TTLAE H, K AE AN H /b
B 5 he LA 4 B () 1IN T 8 S0 K GnE 5 min P,
S X a F1 XV b i) 4 8 U 2 BRI Y |g (il i
43514 0.13+0.01 1 0.16+0.02, X KA HFH# 1) 1g {8
g/ 0.15+0.01 F1 0.09+0.01, 5 XFH8 11 b 41 B ik
DA LT HEEE N —CoioHo I, 7E Smin N, Ui
X1l c XV d 4 8 038 4 BK B 19 |g B0 &2 53 5]
Jy 2.33+0.00, 2.52+0.00, X KA 1g (e
0918 1.94+0.13 ., 2.35+0.30, i 14 17 1 i 35 4

F 1 ARG XAATA SN XL, XV abi @#isE X
Tablel Comparison of antibacterial activity of N-chloramines XVl and XV a
P SEOWAIRE B Smin AT AR A 10 min KIAFFH " fih 5 mirT KT ek 10 min

T —— B e 1g o
Ta 0 0 0 0 0 0 0 0 0

b 0.56 15.16+3.08 0.07+0.02 99.99+0.00 4.18+0.22 2567195 0.13x0.01 100.00 6.92
XVII 0 0 0 0 0 0 0 0 0
XVII 0.56 11.43+1.76 0.05+0.01 35.16+2.00 0.19+0.01 18.16+0.73 0.09+0.00  38.26+0.97 0.21+0.01
XIVa 0 0 0 0 0 0 0 0 0
XVa 0.56 98.76x0.82 1.91+0.22 100.00 6.96 30.99+1.20 0.16x0.01 100.00 6.92

D) & i 9.10x10° CFU/ML ;. QFE:Fh & it 8.26x10° CFU/ML
F 2 A AN X a~d P0E I 1
Table2 Antibacterial activity of synthetic N-chloramines XIll a~d
o TGy A EOAEERE e Smin SR EMAERE P 10min KREGFFEHeA 5 min KIFFE e fih 10 min
(MmollL) Ay Beive g (IR AN RI% g (R ANEBA % g B R AHREA % Ig (R

Ta 0 0 0 0 0 0 0 0 0

b 0.56 22.69+2.31 0.11+0.01 70.37+4.16 0.53+0.06 23.66+1.91 0.12+0.01 64.50+2.67 0.45+0.03
Xla 0 0 0 0 0 0 0 0 0

Xl a 0.56 25.46+1.85 0.13+0.01 75.93+2.78 0.62+0.05 29.39+0.08 0.15+0.01 60.31+1.91  0.40+0.02
Xb 0 0 0 0 0 0 0 0 0

XIl'b 0.56 42.13+1.39 0.24+0.01 92.59+0.46 1.13+0.03 69.47+2.67  0.52+0.04 91.60+1.15 1.08+0.02
Xlc 0 98.61+0.00 1.86+0.00 100.00 6.64 76.72+1.53 0.63+0.03 96.18+0.08  1.42+0.08

Xllc 0.56 99.54+0.00 2.33+0.00 100.00 6.64 98.85+0.40 1.94+0.13 100.00 6.72
Xid 0 99.07+0.00 2.03+0.00 100.00 6.64 99.24+0.38  2.12+0.18 100.00 6.72

Xlid 0.56 100.00 6.64 100.00 6.64 100.00 6.72 100.00 6.72

DR F 8 4.32x10° CFU/ML ; QMY & & 5.24x10° CFU/mL ,
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Table3 Antibacterial activity of synthetic N-chloramines XV b~e

oty R G EOATRERET e Smin A EMATERE "Be ik 10 min KT B fih 5 min KR $e ik 10 min
(mmoliL) i/ /% Ig (IR ANENSA % (g (IR AN E% g (B AN % |g (il
Ma 0 0 0 0 0 0 0 0 0
b 0.56 26.65:3.00  0.14+0.03  92.51#150  1.13+0.08  14.22+0.89  0.07+0.01  62.67+1.77  0.43+0.02
XIVb 0 0 0 0 0 0 0 0 0
XVb 0.56 31.44+359  0.16+0.02  97.31+0.30  1.57+0.05  19.11+0.89  0.09+0.01  70.67+4.00  0.53+0.06
XIVc 0 0 0 0 0 0 0 0 0
XV 0.56 99.10+0.30  2.05+0.00 100.00 6.83 85.33+5.33  0.83+0.22 100.00 6.65
XIVd 0 96.11+0.90  1.41#¥0.09  98.20+0.30  1.75+0.07  28.44+133  0.15+0.08 52.89+1.33  0.33+0.02
XVd 0.56 99.70+0.00  2.52+0.00 100.00 6.83 99.11+0.44  2.35+0.30 100.00 6.65
XIVe 0 99.70+0.30  2.52+0.01 100.00 6.83 100.00 6.65 100.00 6.65
XVe 0.56 100.00 6.83 100.00 6.83 100.00 6.65 100.00 6.65

O & i 6.69x10° CFU/ML; @M & & 4.50x10° CFU/mL .

MM —CaoHos 742 B S XTI d F1 XV e WPKE: 2 Ff
WHRTERARK, RIMLH 2 DRI PEEPUE
TR, AR S B T B T 1 ORI Bt S B i
ER BT A DA A 0 B RS B R DO RR BT B, SR AL 2
K A e I 25 i 1B A /L W S e 1 T TR R A —
gpliiate

AN, AMEAE 5 min PIE R H Wk B BT
BT, R G R R DR 2 S 3 5
£, KB EENLIE SR G5 H R 2] T AT Bk Y G B AR
L XS ZE AR SRR A

S XITd F1 XV e FEMR S T 34 52 052K
WA, RUDFRZE2EELREE T, FIkE
R P SR B R M = M BR BT R T, 25 R a0
R AR,

4 AR XM d XV e PR IR BRI
Table 4 Ultimate antibacterial activity of N-chloramines

Xlidand XVe

SHOREERE" KT

oy TS il 5 min $fih 5 min
(mmol/L) s> g i S gl

/% b /% Yol ik
XIVe 0 61.45+1.82 0.42+0.03 24.69+2.81 0.12+0.02
XVe 0.056 99.82+0.04 2.74+0.45 41.56+2.19 0.53+0.01
XId 0 9.09+1.82 0.04+0.01 11.25+2.50 0.05+0.01
Xlld 0.056 92.80+0.84 1.14+0.05 26.56+1.56 0.13+0.01

QR Y & 55x10° CFU/ML; Q#:F Y& & 6.6x10°
CFU/mL,

M 4 TLER, HHEEWEEH 0.56 mmol/L
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