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Research on the structure-activity relationship of
chlorhexidine and its analogs against A. baumannii
inhibition
LEI E, FENG xinxin
(Institute of Chemical Biology and Nanomedicine, Hunan University, Changsha 410006)
Abstract: Objective: To determine the antibacterial activity of chlorhexidine and its analogs against two
clinical isolates of A. baumannii, and to further explore their structure-activity relationship against A.
baumannii inhibition. Methods: A series of chlorhexidine analogs were synthesized according to reported
references, and their minimal inhibitory concentration (MIC) against two clinical isolates of A.
baumannii was tested in a 96-well plate using the microscale broth dilution method. Their corresponding
structure-activity relationship in A. baumannii inhibtion was discussed according to the obtained MIC
values. Results: For chlorhexidine and its analogs, the length of the linker, the length of the terminal
chain and the symmetrical biguanidine cationic group all had a great influence on their antibacterial

activity against A. baumannii.

Key words: A. baumannii; Chlorhexidine; Minimum inhibitory concentration (MIC); Lipid A;
Structure-activity relationship
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Fig. 1 The structure of Lipid A
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65 Tab.1 Reagents used in the experiment
244 FR 7T ]I
o Benzylamine L FE m R RH A TR A
N,N- 57 Pk 2 DIPEA b SRR R A TR A

2,22- =R LIEE R
4- SR R R #h
PORL S
1,4-7 " H %
1,4-T ZHXE R 2R
1,6-CL R ER IR £h
1,8-°F —fiz
IE T
BTk
Ve XL R #h
AT >R 7 s U IR
S
AEER
A5 7875 Mueller Hinton A%
XA
HHR G
NS
KMER
AR
THER
WHE
WEER
AhHER
EZ /LT
Ttk ez e
AR
FAE~F
EaRiliiis
ToK

ZEIRK

2,2,2-Trifluoroethylamine hydrochloride
4-Chloroaniline hydrochloride
p-Bromoaniline
p-Xylylenediamine
1,4-Diaminobutane dihydrochloride
1,6-Diaminohexane dihydrochloride
1,8-Diaminooctane
n-Butanol
2-Ethoxyethanol
Chlorhexidine dihydrochloride
Alexidine dihydrochloride
Proguanil
Vancomycin
CAMHB
Meropenem
Penicillin G
Gentamycin
Spectinomycin
Erythromycin
Clindamycin
Ciprofloxacin
Novobiocin
Vancomycin
Colistin
Sulfadiazine
Trimethoprim
Rifampicin
Isoniazide
EtOH
H20

L AR IR AR
bR AR AR AT
bR AEARH AR AT
bR AEARH A IR AT
bR AEARH AR AT
bR AEARH AR AT
bR AEARH A IR AT
bR AR AR AT
bR AR AR AT
bR AEARH A IR AT
VA% P BLAE L2 5 B A PR A W)
5% [ [ S A A S BT
bR AR AR AT
T S A BARA IR A F]
bR AEARH A IR A
AL REARHEA IR A A
LR SR AR PR ITE 24 7]
LR S AE DR PR ITE 24 7]
LR S AR AT PR ITE 24 7]
F iR G A R
bR AEARH A IR A
bR AEARH A IR A
bR AEARH A IR A
AL REARHEA IR A A
AERE REREA IR A A
AEHTH REAFHA R A F
AEETH REARHA R A F
b AR A IR A
SRR QBT RREanwil S A
B AT il &
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Tab. 2 Instruments used in the experiment

(&S RS I
R T FEHR I AN Bruker 400 MHz 7 E Bruker 2]
LB T TS LCQ-Advantage K EIEJEAR A A
TEIRAR IR ZQLY-180S IR A IR AT
BEbRAX Multiskan FC FEBR G R B AR A BR AR
FEREaS) SW-CJ-2D FIRFHEATBR A ]
7 ) 2R K T MJ-78A T AR (L) HIRATF
T2z —HFRF Exploer EX125DZH 2 [ BB W B R
8 EF BB As Finnpipette F3 MCPB TR B A R A A
HIEF B Finnpipette F3 MCPB B RR LR A R A A
HBAEKA PC1LSCXM1 B AR ]

70 1.1.3  SLIFTHWRE
FRRIG PR 23 85 60 S R Z0FF . Ab-1 5 Ab-2 CRERYITTARER .
1.2 SERHEE

121 E/

YL ZSE & S (Chlorhexiding) « AT (Proguanil) ARG 5E (Alexidine)
75 N3 ARG o [RINZ S50 s B P s S 4-1, 8-1, 6-2, Mo, My, Mg, 1-1 ¥4
O RIE S 25, HoA o iR MRAE Y 5 SR — 54181,
TEZ 2 ORI IR b, & B A MR RS 1 1AL &4 5-2:

NH,*I NH,*T

iy NH,
H N s DIPEA H oK NJ\N
SN " * EtOH, 65°C NN "o
il :

NH,*I

NH,*I

Mo 5-2
¥ Mo (0.21g, 0.39mmol, leq) . % (0.17g, 1.56 mmol, 4eq) F1 N,N-—FHHE
80 Z ¥ (DIPEA, 0.16g, 1.56mmol) A 3mL /K ZEEH, I7E 65 °C MikE 48h. RS
VI CREDTUE B =k o R A5 2 [ R T4 5 15 31 B 6 [l o8 K (0.06 g, 23%) « *HNMR
(400 MHz, DMSO-ds) & 7.92 (br, 6H), 7.40 — 7.23 (m, 14H), 4.43 (s, 8H). 13C NMR (101 MHz,
DMSO-dg) 6 156.18, 137.57, 136.90, 129.04, 128.00, 127.79, 127.59, 44.60, 44.25. High-resolution
ESI-MS: calculated for CasH2oNs*([M+H]*): 401.2448, found 401.2455 ([M+H]*). {tL&¥0 %0

85 SRR U0 R P«
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B HTEAR M2: FREX 1,4-8 —HI IR (AR ERE, 49, 19.12mmol, leq) A&
B4 (3579, 40mmol, 2.1eq) , AREIIAEFIETEE, 120 CREIA 12h. KN FRIREY)
FaA B i 38, P20l F IR T BEAOK /K BRI DTIE = IR K45 2 BR L T 1, A4S 3]
95 P £ [ 440 £ (5.23 g, 80%). *H NMR (400 MHz, DMSO-ds) & 7.31 (br, 2H), 7.18 (s, 4H), 6.73
(br, 4H), 4.20 (d, J = 5.8 Hz, 4H). 13C NMR (101 MHz, DMSO-ds) & 161.75, 138.10, 127.69, 118.61,
44.31. A BRI S A an s

— % I -
o= aa
~ o~ 3 < <
N | 7
NH N
d ¢ P M7
N N
T
NH b
a
e Water
cd DMSO
/ L_jL JL__J J
N y
24 "2 2
29 +
10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)
HhE) A Ma B S
) = N
~ = ) —
= [ ~ % “
© - a = -
2 o a = <+
| | | | |
DMSO
NH N
A7
N
NH
200 180 160 140 120 100 80 60 40 20 0
100 Chemical Shift (ppm)

H AL Mz BRI AT P
A 5-1: FRELHAR My CUERER 220, 2.03g, 6mmol, leq) Ml 4-5AHE (EhEREhIE
X, 245g, 0.15mmol, 2.5eq) , AJEIAER R LHE, 135 ClaElG 8h. VA2
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REYI A IR g, B 2 8 ZBERIVK LB UiiE =R KA B E A R
105 TR EAE AR A (2.73 9, 77%). 'H NMR (400 MHz, DMSO-ds) § 10.11 (d, J = 111.3 Hz,
2H), 8.12 (d, J = 223.4 Hz, 8H), 7.37 — 6.85 (m, 14H), 4.35 (d, J = 5.8 Hz, 4H). 13C NMR (101 MHz,
Chloroform-d) & 152.84, 152.05, 137.02, 133.34, 130.87, 129.23, 128.69, 126.28, 46.46. High-
resolution ESI-MS: calculated for C24H27CI2N1o* ([M+H]*): 525.1792, found 525.1799 ([M+H]™).
HAZ ARSI N o, Hdh IR E 8 IR S ARG IR SV I T A% ekl ok

110 Pl 27 {0 505 L VA £ B Al S TR = I A ER I I
95 9359855 g
SRRV GNRININ 33 |water
Ve ~
b NH NH cl
“ NT NN
o NaH NHf
f
cde|
DMSO
a b L\
W S \
s b
16 14 12 lIO ‘8 4 2 0 2

6
Chemical Shift (ppm)

WED 5-1 KA K

— 4646

.l m/l /

200 180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)

AW 5-1 IORERERR S P
115 FEZ 25 RIS SRR b A BT AR OIS #4457 4) 6-3:
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H H n
\\NJJ\ /\/\/\/N\H/N\\ FsC NH,
N
H NH N ethoxyethanol
My reflux

H H H o
Fsc/N\"/N\"/N\/\/\/\H N H/CF:;
NH NH

I

6-3
FREC 1-1 (2.4g, 7.43mmol, leq) M= L& (FhR#HIE, 2.459, 20mmol, 2.7eq) ,
SRIE NI & W Tk, 135 “CIRIYE 6 ho 4 S BN AF R FR-A P RAG RisHd i, JFHC
TRE TR AIUK CREBR R DTIE =R A B B ER L TR E A B A B R (1.11 g, 29%, WER
Bz 6 ). TH NMR (400 MHz, DMSO-ds) & 8.18 — 6.63 (m, 12H), 4.16 — 3.82 (m, 4H), 3.23 —
2.92 (m, 4H), 1.55 — 1.35 (m, 4H), 1.35 — 1.20 (m, 4H). 3C NMR (101 MHz, DMSO-d6) & 160.25,
157.94, 125.15 (q, J = 279.6 Hz), 41.94 (q, J = 33.6 Hz), 41.14, 29.45, 26.30. High-resolution ESI-
MS: calculated for C14H27FsN1o* ([M+H]*): 449.2319, found 449.2324 ([M+H]*). L&Yl

W AR B 2 TR o

e oo NN = QWIS T —~ QO T W~ 0N
€ o= — W ccochadaa—~SoC E SRS
N N ] F o oA A h e en en e -
AN =N e T ——
NN
NN N LA AR
NH NH Water
a
DMSO
c de
b
a A
M J 1
_—s — . Emay
® o) o b=d=s
. 3, =3 ==}
= - < o
10 9 8 7 5 3 2 1 0
Chemical Shift (ppm)

WE 6-3 KL A K
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41.78

v oen o+ O ®0
[ =} N~ 3y — =+ O
S~ RG] - =T
O (SIS IS ol —_ O O
— - — == = = T Aas
N/ NN e N
o NN R_cr
N TN
F;,C/\N N ﬁ ~“r3
NH NH

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)
A1 6-3 [RLRERR S
1.2.2 2yt

ARSI BT AR 2 AL S S AN E A B B S R (MIC D 2% CLSI #5
HEHEATI0, EARSCISRARIN R : K B R e S A AT (Ab-1 3 Ab-2) HHEETEE )
CAMHB %% (Mueller Hinton I Broth (Cation-Adjusted ) )#F¢ 2 24k i )y 5105 CFU/mL,
LI AE g ] 40 B VR 2 1) T ARV . FH 8 TEF-ah A WA 100 L [ 58 20 B A< & 1 AR I
5iipE 96 FLIR BRiR G — B AAMIAE N AL, R0 Se il A [ 5 40 B VR B 1 AR VAL 28— 47
I BIRE A RSk &4, W65 8 18 Falfeias WAL 100 pl [FIRELH i FE 1 T
VERTR, JHTE 96 FLAR A &8 M PUAE R APl 8 RIELSL MW 5% . K 96 FLAR FH &t
Cs s, MNEIRREIRAE 37 'CF, LL 220 rpm (% H & 16-24 h, 10Ul HAE 595 nm I
KA GRS, FRIEIROERE B/ INFI W B A 22 KA S0t Tl R BT AR I MIC B BN
W2 /D0 P OSSR

2 KBEREG®

2.1 FERKIGG R 255 A 2 A ShAF e 25 S0l

T T ERRATT T DB PR AR I PR 43 B8 R 6 2 AN B AT 1 1R 2445 000, AT e R A — R
FUARHEDTAE 2660 2 AN B AF 1 Ab-1 A Ab-2 HEAT T 2500k, EEAR B-MEHIRPIAE R
(RPEHMEER G) , AEMHEHRPER RKEEZAMUER) , KRNERER
(AHEFMTNER) , BEIRTUER IRV EMFER) , Z2IRPAER JidiEEN
ZANHE R B) , BEGISZY (R fcmsng FIHSRmE ) DL SORF RSP R (RIS R0 54
) o AR ER (E2) , Ab-1F1Ab-2 NZEMZHEME, X2 RhbiAE R0 LA
25tk Ab-1 F Ab-2 ¥IxtSE B B p R R 25 (MIC Y58 32 ug/mL) o (B TR _EH T4
22 IRIIVE R AR T I s — BT R A Z R R S, Ab-1 F1 Ab-2 ek, m2
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bR 2R AR FH A et 2 =2 ER PR B AR LIPS, 38 T BUCOR 40 T 40 it 1T A% SR 4 i 0.
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s
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AP - - - S St
& Ny & & & & F g &N R LS

O @ 0 ) > & © S o
&S e‘\\ O (\b & O N & Q'.{& A4
R <) Qz" Q,ék N (}Q v Q° () ,\i‘

2 BSAIFEIER S EE (A b-15 A b-2) 2SR
E: MIC R4 128 B 1 BEAMRIR AT, 7371378 MIC>128 pg/mL B MIC<1 pg/mL
Fig. 2 Antimicrobial susceptibility of two clinical isolates of A. baumannii (A. b-1 and A. b-2)
Note: When MIC is shown as 128 or 1 pg/mL, it’s the limit point, which means MIC>128 or MIC<1 pg/mL

2.2 HOE KRR S AFFFE K55 M SRR F

PAT 8 B HFAUIREAT T HUREMER AR, S5 R WK 3. Bk, AoEASAA
YRR (R RUNEE AL AL, 120 B FRHEIR T 78 5 2 22 TR S 18T v B HL ey PR 4 B B 25 5 1) e
o B, Hoo 22 IRPAPE R A AN R A 05 E L, AN BT — @ BT e . SRIR g IR R
B S8 X PRI RR I PR 23 15 110 56 25 855 T Tk 245 1 6 2 AN S A B B B I PRSP, MIC 350
16 pg/mL.

P SCHRFRTE S, ALl e 06 2R IX b e 1t R BH B8 1 S5 K 1) 401~ T 5 LPS [ E 247 Lipid
A g, RGBT, I RN ANPH B 7 25 B 1) o (B BE A B ZE Lipid A RO 3
by T3 TR B BH S 1 D0 5 U b BRI B R Ak (A1 2 5, [RS8 701 1) JR2 T Ak [ U
i Lipid A Bi/K (e HEBE o s i3l .

BT BRGE SR, JATE Jo WA [FIFH B 1451 SR 2k B B A 1 A BE R, IR 13
X R &5 K R FL T BUTAL 570 Proguanil X P pk i & AZIAT B H3EPE . 45 R 27, Proguanil Xt
fif & AT IR 5 e R T PE RO PR SR 2 ASIFF R MIC ST 128 pg/mL) , IXARA]
A A T HR A RUNTTIC T RT3 2 %) Lipid A XURESE BRI AR I A 2 & . R 3R
ATTHE X TR ) XU RH 85 1~ 5 A6 28 s R IR L JICRH B 1 5 i ik — B i T B4 520 45 R EoR
HPUE RSB 2, XTRE MIC &y 128 B3 KT 128 pg/mL. %45 R 7w Ui 17 HAS
Lipid A SRS, @A KXUIT (REE MIC=16 pg/mL) 5 Lipid A FIZ&FEE .

FERoR, ATMOEREPIA B TR R, BT — R8I BA AN A FE L5 1)
P&, 5 R SR, TiEEE KB BT S E R A IR ORI RZ . BAT 4 DR e 2
Yy 4-1 PIRRCR 2, T RS £ AZH B MIC 2205 64 ng/mL. = [A1EELE 4-1 )2
fih B3 2 AN RS, SC0E PR TE A ORI T, FHOX PRS0 2 A S AT 1 MIC
%18 16 pg/mL. #E—2DH N (a1 EE K B2 8 MIRET, 8-1 [Rvd MR s, kbl 2 A5

-10-
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FEEE T MIC 3208 4 pg/mL. JX 70 b % 14 B e 1) B4 52 19 I i 484 In i & 5 T g /2 52 1) Lipid
A USRS RIREN . HE SCRRARIE, Lipid A 0UNE S 99 00 R i R ik (A1 (0 BE B9 8 13 A LAy Tf
1 8-1 1R [EIEEEIE 8 MG, LK IF L 13 A MAMEEY) 5-1 R IR K AT 4 &2
5 Mk (8], TS PR AN AT DLk 3] R Oy 6 AMEE KIS O FIRUR (MIC 77y 16
pg/mL) o XATHESE 5-1 WP A A3 o R BN 1 FLAE Lipid A BOXIORE 2 B AR BRI f R 1
USRI IPea
w5, FATAGEIRIEENE s dE &, &7 B A FRmELS R EY. Wa R b

&, WAERMEPAFRDR (HOEs 6-2) MPlwEERAFRENER. Bt (&Ede)
MM (Alexidine) i FE#R AT DL AL BRI 1EH, #8AA BUFIPTEEE. A& 6-3

(MIC>128 pg/mL) 5 Alexidine (MIC=4 pg/mL 5% 2 ug/mL) [IHTE iE M ZER, BT
A, SRR, IR AIRE R R, PR L

Name Structure MIC,.4 (Hg/mL) MIC, ., (Hg/mL)
cl
NH NH
Proguanil /I\H)J\Hk” >128 >128
cl
NH NH
H H H
N__N N\/\/\NJ\NJ\N
41 /@r T A 64 64
cl
cl
NH NH
n “ “\/\/\/\N)LNJLN
Chlorhexidine /© T T H H H 16 16
cl
NH NH
“ H H\/\/\/\/\N/U\NJLN
81 " /© T T H OH H 4 4
Br
NH NH
n n n\/\/\/\NJkN/U\N
62 . ISR WO R 8 8
i
N
5-1 /@ 16 16
cl \'Q/H\HJ/H
NH
5-2 N \ﬁ/ 128 2128
H
F NH NH
FH H H F
N_ N_ N S F
6-3 F&mmwu NONTY >128 >128
/\/)/\uj\uku/\/\/\/NWN\&/N
Alexidine H NH 4 2

3 WOEKHRMH U
E: MICab1 5 MICab2 73 Al 7R A& CUE L H RN Ab-1 5 Ab-2 1 MIC
Fig. 3 Antibacterial activity of chlorhexidine and its analogs
Note: MICab-1and MICap-2are the MIC of chlorhexidine and its analogues against A.b-1 and A.b-2, respectively
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3 g

ASSER VAl 1 S e PAS A D S 58 AT I A 70 85 PO i 2 AN ST B R T v
FrE— BRI T EA B ANZIT B AR RO 2R o 33X W PR 7 18 PR i 2 NSl 1 1 24
BB, FRATAIUPIIRIG PR 7 1B A0 S AN 1 X 22 Pt A 3R v BEMR 24, o 56 27 8% g o R i
2y, fEXS LPS ¥ 1 2 K = 5 IR Ul M RIAE A LPS Si e ritE A Cg L&
R G R SRR P P & NS AT IR TR E . BRATAR LA S0 (Proguanil) 5%
FRLRAN (5-2) KR CERBIPTRETER 2, HPURE S S 55 T HA AR 454
IS CE, ZXATRER M TXARXUILS Lipid A FIBERRIE HIZ S /E 5. sk, SO E K
H AN SR T HEHE P AR FRBH B8 1 (¥ o () BERR K BT e PR T, HLEk 13 Ambiet: (13
A %17y Lipid A XURERE BRI BERREE IR R o I HA O e KH AUt SR KT
TR R BT, LR AT RE K R S A BE XS Lipid A (5K e BE S sl B 5. A S
M [RBIVETE AN B LPS 2Ry Lipid A Mk, SHBTHR CE R U4,
NJEEEIFRELR LPS MR- B 7 — MR IF ) BB
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