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ARTICLE INFO ABSTRACT
Keywords: A diverse series of 43 novel “soft antimicrobialsdsed on quaternc
Pyridoxine ammonium pyridoxine derivatives whichclude sixmembered acet:

Antibacterial activity and ketals of pyridoxine bound via cleavable linkerieties (amide, est
Quaternary ammonium compounds

Soft drugs With a fra_gm_ent of fatt_y_carboxylic ac?d was (_Jlesa'gn Nine compql_mds

Cytotoxicity exhibitedin vitro promising antibacterial activity against Gramsitive
and Gram-negative bacterial strains with MIC valwesnparable with
reference  antiseptics miramistin, benzalkonium Gt anc
chlorohexidine. On various clinical isolates, tead compound$i anc
12aexhibited antibacterial activity comparable witlattof benzalkoniui
chloride while higher than that of miramistin. Mower,6i and12awere
able to kill bacteria embedded into the matrixnodno-and dual speci
biofilms. The treatment of bacterial cells by eitbé and12alead tofast
depolarization of the membrane suggesting that rfembrane is ¢
apparent molecular target of compoungisand 12a were nonmutageni
neither in SOS-chromotest nor in Ames test arah-toxicin vivo ai
acute oral (L3, > 2000 mg/kg) and cutaneous administration sg_-D
>2500 mg/kg) on mice. Taken together, our datanakmggesting the
described active compounds as promising startinipt pior the new
antibacterial agents development.

2020 Elsevier Ltd. All rights reserved.

1. Introduction

The bacterial resistance to antimicrobials is ohesasious challenges of healthcare
worldwide. The multicenter monitoring notices thentnuous spread of bacterial strains
resistant to many external factors, and pathogeaateria quickly become resistant to existing
commercially available antibiotics and antisepfcs2]. A similar increase is observed for both
nosocomial hospital infections arising due to tirea spread of bacteria from patient to patient
and for community-acquired infectiof 4].

Since the 1930s, quaternary ammonium compoundsCE&pAare widely used as
antiseptics and disinfectants [5]. A number of QALEh as the benzalkonium chloride [5],
dequalinium chloride [6], cetylpyridinium chlorid€] have been widely used for a variety of
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clinical purposes (e.g., preoperative disinfectioh intact skin, application to mucous
membranes, disinfection of noncritical surfaces)etccording to literature [7], the general
mechanism of the antibacterial activity of QACsthe damage of the cytoplasmic and outer
membrane lipid bilayers via association of the fislly charged quaternary nitrogen with the
anionic head groups of acidic phospholipids ancratdtion of the lipophilic tail with the
hydrophobic membrane core. Because of universat lashitecture of cellular membranes,
these properties of Q&s have disadvantage such as high toxicity [8]. Meee, many classical
representatives of these compounds has a londifeailfr environment, increasing the frequency
of bacterial resistance developing to QACs [9, e of possible ways to solve this problem
could be the strategy of soft drugs, i.e. substaricat are readily degraded into nontoxic and
biologically inactive products bothn vivo and in the environment. The inclusion of a
metabolically sensitive fragment into the structofedesigned products allows predicting the
main metabolic pathway for degradation and avoidirgy toxic products formation. The most
suitable for that are ester and amide bonds, wtamot affect significantly the hydrophilic-
lipophilic balance of molecules while keeping thantibacterial activity [11]The concept of
soft antibacterial agents was proposed by Bodd®B0 [8] who synthesized isosteric analogues
of cetylpyridinium chloride with comparable antimobial activity, significantly less toxic and
undergo facile hydrolytic cleavage, leading to tltactivation (Fig. 1). Since then, a series of
soft QAC antimicrobials have been synthesized-152. Among them, the QAC Miramistin
occupies leading position in Russian antisepticskeatastructurally related to soft drugs.

Soft antimicrobials reported by Bodor [8]
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Fig.1. Structures of quaternary ammonium compounds.

In our group, we have systematically studied chegniand biological activity of
pyridoxine (vitamin B) derivatives including a series of QAC based oridmxine derivatives
[16-20] (Fig.2). Some of them possess high antibadtadtvity against various clinical Gram-
positive and Gram-negative pathogenic bacteriai(mahinhibitory concentration (MIC) 0.5-16
png/ml) and low toxicityin vitro.
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Fig.2. Structures of the QAC based on pyridoxine denetiobtained previously [£20].

In this work, we present a series of novel “saftimicrobials” based on quaternary
ammonium pyridoxine derivatives which include clelale moieties (amide, ester) and a six-
membered acetals and ketals of pyridoxine bouadlimker moiety with a fragment of fatty
carboxylic acid (Fig. 3). The relationship betwedha structure of synthesized compounds and
their antibacterial activityn vitro were investigated by variations of the substitigest the
acetal carbon atom, the length of the linker, tatire of the bond between linker and carboxylic
acid fragment, the length of the carboxylic acid @ne position of the quaternary ammonium
fragment in the pyridine ring of pyridoxine. Iddigd lead compounds inhibited growth of
Gram-positive and Gram-negative pathogens, inctudmofiim-embedded bacteria, while
exhibiting low toxicity and resistance developmesi.
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Fig.3. Design of the soft antimicrobials based on quatgrammonium pyridoxine derivatives.

2. Results and discussion
2.1.  Chemistry and primary screening of antibacterial activity in vitro

At first, a series of amide3a—i with different lipophilicity were obtained by reamt of
different fatty carboxylic acids (caproic acid, femuacid, myristic acid, palmitic acid and stearic
acid) with N,N-dimethylethylenediamine or N,N-dirhglpropylene-1,3-diamine in toluene in
the presence gb-toluenesulfonic acid [21]. Then, in the reactidntlte corresponding amides
3a-i with chlorine derivatives of pyridoxinga-d containing variousubstitutents at the acetal
carbon atom [19, 22] in ethanol at 70 °C the ammmonsaltta-u were obtained (Scheme 1).
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0 ‘ 6h R] = R2 = CH3, R3 = C17H35, n=3 6r R1=C8Hl7, R2=H, R3 = C|3H27’ n=3
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A

Sheme 1Synthesis of QACS8a-u. (a) toluene, reflux (Dean-Stark trap), 48h, 40474b) NaHCQ, C,HsOH, 70
°C, 8h, 40-76%.

The antibacterial activity of compoun@a-u was evaluated on various strains of Gram-
positive and Gram-negative bacteria. Table 1 shindVIC of compound§a-u in comparison
with benzalkonium chloride, miramistin, chlorhexidi and their structural analdy without
amide moiety described in our recent paper [19¢ Mpophilicity of the synthesized ammonium
salts was expressed in terms of their partitiorffaent values (logP) calculated using online
platform Chemicalize (ChemAxon) [23]. For derivasv containing fragments of stearic and
caproic acids a sharp decrease in antibacterigiitgolvas observed. For compounds containing
identical fragments of carboxylic acid and linkdre antibacterial activity were decreased with
the increasing of alkyl chain length at acetal oarbtom (2CH~CsH; > GH1; > GgHiy). The
number of methylene fragments in the linker betwdenquaternary and amide nitrogen atoms
did not affect the antibacterial activity. The mastive compound6b, 6f, 6iand6j contain the
myristic and lauric acids residues in the amidgrrant. Their activity against Gram-positive
and Gram-negative bacteria, in general, was corbfmweith the referencdrugs and more than
previously reported ammonium séit without amide moiety

Table 1
Antibacterial activity of quaternary ammonium s&lésu
Compound MICs (pg/ml)
Gram-positive bacteria Gram-negative bacteria
S aureus B.subtilis M. luteus  E. coli P. aeruginosa
ATCC 168 MG1655 ATCC 27853 LogP
29213
6a 1 8 4 32 32 0.52
6b 2 4 4 8 2 1.41
6C 1 4 1 32 2 2.93
6d 4 8 2 >64 8 3.19



6e 8 8 16 64 64 0.58
6f 0.5 2 1 8 8 1.47
69 4 2 2 >64 8 2.36
6h 4 8 4 >64 8 3.25
6i 1 2 2 4 32 1.35
6j 1 2 1 32 8 2.24
6k 8 16 16 >64 >64 3.13
6l >64 >64 >64 >64 >64 4.02
6m 1 4 4 8 32 1.41
6n 2 2 2 2 >64 2.30
60 2 4 2 2 >64 3.19
6p >64 >64 >64 >64 >64 4.08
6 2 1 2 >64 >64 3.19
6r >64 >64 >64 >64 >64 4,53
6s >64 >64 >64 >64 >64 -2.09
6t >64 >64 >64 >64 >64 -1.25
6u >64 >64 >64 >64 >64 2.34
6v 4 >64 16 >64 >64 4.35
Benzalkonium 1 4 0.5 8 1 -
chloride
Miramistin 2 4 2 8 1 2.43
Chlorhexidine 2 1 0.5 1 4 4,51

In the second experimental series, we have obtdimmsostere analogues of compounds
6a-u where the amide fragment was replaced by ester. sihthesis of derivatives based on
stearic and caproic acids isn’t performed, becdahese compouds contain an amide fragment
(6d, 6h, 6l, 6p) exhibiting low antibacterial activity. Este@&a-f were prepared by Steglich
esterification with amine7a-b and fatty carbonic acids [24]. Then, in the reactof the
corresponding este&a-f with chlorine derivatives of pyridoxinga-d in ethanol at 70 °C the
ammonium salt®a-n were performed (Scheme 2).

N a
RC(O)OH + N=(CH,),"OH 8a Ry= Cy;Hy3, n=2
1a R=Cq4Hy3 7a n=2 8b Ry=CyHy3 n=3
1b R=C3H;; 7b n=3 8¢ R;=Cy3Hy7, n=2
:g §=g15:31 8d R3= C13H27, n=3
1e R=CqHy, 8¢ R;=Cy5H;q, n=2
8f R3= C15H3|, n=3
R, (e R
Y 1
R2Ao( Q N Q b Ry . 0
] ¢+ NACHp, OCRy —— O N TN (CHY, 0-CoRy
N cr 2
| N cr
H 8a-f
Sa-d 9a Rj= Ry= CH3, Ry= C;{Hy3,n=2  9h R;= C3Hy, Ry=H, Ry= C;3H,7, n=2

9b R;= R,= CH;, Ry= C;3Hy7, n=2  9i Ry= C3H;, Ry=H, Ry= C;sH3;, n=2
9¢ R=R,= CH;,R;=CsH3;,n=2  9j R;=C3H;, Ry=H, Ry= C;{Hy3, n=3
9d R;=R,= CH;, Ry= C;Hy3;,n=3 9k R;=C3H;, Ry=H, Ry= C{3H,7, n=3
9¢ R;= Ry= CH;, Ry= C;3Hy7, n=3 91 Ry= C3H,, R,=H, Ry= C;sH;, n=3
9f R;= R,= CH;, Ry= C;sH;;,n=3  9m Ry= CsH,y, Ry=H, Ry= C 3H,7, n=3
9g R;= C3H,, Ry=H, Ry= C;;H,3, =2 9n R;= CgH 5, Ry=H, Ry= C;3H,7, n=3

Sheme 2 Synthesis of QACSa-n. (a) DCC, DMAP, CHCI, rt, 4h, 47-61%; (b) NaHCC,HsOH, 70 °C, 8h, 39-
73%.



The antibacterial activity of compounéla-nis shown in Table 2. In general, the effect of
obtained bioisostere esters was comparable wittriassof amide$a-u and references drugs.
The highest influence was observed for compou®lols 9h and 9) containing fragments of
myristic and lauric acids.

Table 2
Antibacterial activity of quaternary ammonium s&lésn
MICs (ng/ml)
Compound Gram-positive bacteria Gram-negative bacteria
S aureus B.subtilis M.luteus E.coli P aeruginosa LogP
ATCC 168 MG1655 ATCC 27853
29213

9a 4 4 4 16 64 1.25
9b 0.5 1 0.5 8 1 2.14
9c 0.5 1 0.5 >64 4 3.03

9d 2 1 2 8 32 1.31

9e 2 2 2 16 16 2.20
of 16 8 2 >64 32 3.09

99 1 2 2 4 32 2.08
9h 0.5 4 0.5 16 1 2.97

9i 2 4 1 >64 8 3.86

9j 2 2 1 4 32 2.14

9k 2 2 1 >64 4 3.03
9l 32 32 8 >64 32 3.92
9m 8 4 8 >64 >64 3.92
9n >64 >64 >64 >64 >64 5.25

6v 4 >64 16 >64 >64 4.35

Benzalkonium 1 4 0.5 8 1 -
chloride

Miramistin 2 4 2 8 1 2.43
Chlorhexidine 2 1 0.5 1 4 451

Synthesis of compound®a-d and15a-d in which quaternary ammonium fragment is
located in the sixth position of the pyridine rimgas carried according to the Scheme 3.
Qaternary ammoniursalts12a-dandl5a-d were obtained from mono-chlorine derivatdsand
14 in the reaction with myristic acid amid@,f or esters8b,e Chlorides1l and 14 were
obtained from acetdlO [25] and ketall3 [26] by selective chlorination by equimolar quaest
of N-chlorocuccinimide in dichloromethane. The omgilective chlorination proceeded similarly
to the previously described regioselective bronamatof diol 10 under the action of N-
bromosuccinimide [26] and also confirmed ¥¢ chemical shift of CkCI group in the ortho-
position of pyridine ring (~45 ppm). The minor pumts (~15-20 %) of the reactions were
dichlorides. The traces of the second regio-isomere not observed.



%/O \ O A/O
0. a o) b o
‘ | A OH | Xy~ “oH | X OH
SS@@ ot N _
N
+
11 -

OH 10 N
HO_A / / NCH—x
| %C13H27
2 12a X=NH, n=2 d
N o 12b X=0, n=2
H v 12¢ X=NH, n=3

%, 12d X=0, n=3

'OJ‘
4 \
C;H
CHy; o GH; o T o
5% e H
O O b o
A OH a A OH N OH
| > | —_— |
(o) Pz OH pZ Cl Z
N N N
0. 13

N oH / N(CHao—x
| pZ Ci3Har
N 15a X=NH, n=2 d
15¢  —N* 15b X=0, n=2
/ “CgHyy 15¢ X=NH, n=3
15d X=0, n=3
Sheme 3Synthesis of QAC4&2a-d 15a-d(a) NCS (1 eqviv.), RR, CHCI,, rt, 0.5h, 44-54%; (b) £1s0H, 70 °C,
8h, 44-83%.
Table 3
Antibacterial activity of quaternary ammonium sdl&a-d, 15a-d
MICs (ug/ml)
Compound Gram-positive bacteria Gram-negative bacteria
S aureus B.subtilis M. luteus E.coli P aeruginosa LogP
ATCC 168 MG1655 ATCC 27853
29213
12a 1 1 2 8 >64 0.73
12b 1 0.5 1 32 64 1.46
12c 2 2 1 16 >64 0.79
12d 1 0.5 2 64 >64 1.52
15a 2 2 4 64 >64 1.56
15b 2 2 2 64 >64 2.29
15c 2 1 1 64 >64 1.62
15d 2 2 2 64 >64 2.35
15e 64 64 64 64 >64 -0.78
Benzalkonium 1 4 0.5 8 1 -
chloride
Miramistin 2 4 2 8 1 2.43
Chlorhexidine 2 1 0.5 1 4 4.51

The antibacterial activity of esters and amidepyfdoxine derivatived 2a-d and15a-d
on Gram-positive bacteria was comparable with @érres containing ammonium fragments in
the fifth position of pyridoxine and reference dsugdowever, their effect on Gram-negative
bacteriaP. aeruginosa andE. coli was significantly lower. It should be noted tHas previously
obtained compouni5e[18] without ether or amide fragments was praclycalactive.

Thus compound§b, 6f, 6i, 6g, 9b, 9h, 9j, 12and 12b with promising activities in the
primary assay were selected for further in-deptiestigationin vitro.

2.2. Structure-Activity Relationship (SAR)



To identify quantitative relationships “structuretidacterial activity” in a series of
synthesized QACs based on pyridoxine and fatty sadérivatives, the dependences of
antibacterial activity on calculated in ChemAxagpolphilicity [23] were evaluated (Figure 4, for
S aureus). MIC values are shown in pg/ml for practical mas A strong correlation between
the lipophilicity and antimicrobial activity of qternary ammonium pyridoxine derivatives 8n
aureus was observed. Thus, all the most active compotadsiogP values in the range of 1-3,
while compounds with logP > 5 and logP < 0 wereaaimnactive. Similar relationships were
found for the other studied bacteria. Apparentgfationships reflect the important features of
the active compounds essential for their effectinteraction with the hydrophobic membrane
core of bacterial cells.

05 aureus
@ *

g 0 0 o »

= 0(:0 ¢
-0.5 e

N
_2 3
N .r

-3.0 -20 -10 0.0 10 20 30 40 50 6.0
LogP

Fig 4. Lg(1/MIC) versus calculated logP relationship foA®based on pyridoxine and fatty acids. The
parabolic line shows the polynomial approximatigruising a fifth order model.

2.3. Cytotoxicity

Cytotoxicity of compounds$b, 6f, 6i, 6], 9b, 9h, 9}, 12aand 12b was evaluated on
human embryonic kidney cells (HEK-293), human mebkgmal stem cells (MSK) and primary
human skin fibroblasts (HSF) in comparison with Zskonium chloride, miramistin and
chlorhexidine (Table 4). Compoun@s, 6f and9] demonstrated the lowest cytotoxicity on all
cell lines among the studied molecules. Howeveeirthoxicity was greater than that of
chlorhexidine and miramistin. The most toxic wempounds6i and 9b whose toxicity
exceeded benzalkonium chloride on HEK-293 cell$.ofther compounds were less toxic than
benzalkonium chloride.

Table 4
Cytotoxicity (CGy, pg/mL mean + SD) of novel pyridoxine-based QACs
Compound CCsg, hg/mL
HEK-293 MSK HSF

6b 1.18 +0.33 2.16 +0.80 3.03+0.91
6f 1.61 +0.40 2.21+0.71 3.14 +£0.80
6i 0.15+0.01 1.15+0.52 1.79+£0.80
6j 1.16 £ 0.92 1.38+0.74 2.15+0.42
9b 0.17 +0.04 1.08 +0.54 1.94 +0.42
9h 1.00 £0.13 1.28 £ 0.52 2.18 £0.50



9
12a
12b

Miramistin

Benzalkonium chloride
Chlorhexidine

2.15+£0.67
1.32£0.75
0.88 +£0.14
6.08 £+2.14
0.59+0.21
7.28 +1.50

242 +0.74
1.74+£0.44
1.02+£0.17
4.16 +0.86
0.82+0.17
5.12 +1.20

4.32 +0.74
3.21+0.70
2.24 +0.52
7.21+1.92
1.14 £ 0.40
6.32 +1.24

2.4.Genotoxicity

Genotoxicity of compound$b, 6f, 6i, 6j, 9b, 9h, 9j, 12a, 12kand benzalkonium
chloride was evaluated in SOS-chromotest and Ansss. t In SOS-chromotest, thg
galactosidase activity was normalized to the amadirgells estimated from the Q§ values
and SOS induction factor was calculated as a ddtfpgalactosidase activity in the presence of
compounds and the solvent control. Mitomycin C @npl) was used as positive control. No
significant dose-dependent increase more thand®wals observed in SOS-chromotest (Table 5)
thus indicating the lack of DNA-damage action flhicampounds under concentrations tested.

Table 5
DNA-damage activity of novel pyridoxine-based QA@aio, fold increase over the solvent control) ame: SD

Compound QACs concentration, pg/mL
750 150 75 15 7.5

6b 0.4+0.03 0.5+0.06 0.7+0.08 1.5+0.10 1.5+0.06
6f 1.0+0.17 0.5+0.04 0.7+0.18 1.5+0.20 1.5+0.16
6i 0.3+£0.02 0.5+0.02 0.7+0.13 1.6+0.10 1.6+0.04
6] 0.3+0.03 0.5+0.04 0.9+0.11 1.6+0.04 1.5+0.09
9b 0.4+0.03 0.6+0.10 1.2+0.11 1.6+0.14 1.6+0.27
9h 0.3+0.02 1.3+0.51 1.5+0.06 1.5+0.17 1.4+0.10
9j 0.5+£0.04 1.1+0.15 1.5+0.13 1.4+0.14 1.4+0.19
12a 0.4+0.04 0.7+0.10 0.7+0.15 1.8+0.19 1.6+0.30
12b 0.3+£0.02 0.9+0.07 1.2+0.33 1.6+0.13 1.8+0.14

Benzalkonium  0.8+0.17 0.7+£0.04 1.1+0.11 1.5+0.10 1.5+0.25

chloride
Mitomicin C 12.9+2.41 (1 pg/mL)

Since compounds demonstrated antibacterial agitontS. typhymuriym strains (data not
shown), the spot-test modification of the Ames test been used instead of classic technique.
For that, 50ug of compound in water was dropped onto 5-mm whatngisk placed onto agar
surface (see Fig. S1). While almost all compouredistb increase of revertants amount on at
least one strain in the Ames test. Only compougigs6i and12a could be considered as non-
mutagenic in Ames test (Table 6).

Table 6
Mutagenicity of novel pyridoxine-based QACs (rafmd increase over the solvent control in Amestgpst)

Compound S typhimurium strain
TA1535 TA1537 TA98 TA100 TA102
6b 0.8 0.06 1.7 1.3 0.1
6f 0.4 0.03 2.6 2.5 0.2
6i 0.5 0.03 1.9 1.1 0.1
6j 0.5 0.03 4.4 0.7 0.7
9b 0.9 0.02 4.6 1.4 4.8
9h 0.4 0.04 4.7 1.2 0.2




9 0.5 0.03 1.8 2.4 0.1

12a 1.1 0.01 1.9 1.7 0.4
12b 0.4 0.05 2.5 2.1 0.4
Methyl 4-Nitro-o- 4-Nitro-o- Methyl
Positive methanesu phenylenediam phenylenediam methanesulfo Mitomycin C
control lfonate ine ine nate
30 3.7 4.2 2.7 1.9

2.5. Invitro antibacterial activity on clinical strains

The antibacterial activity ddb, 6f, 6i, 6], 9b, 9h, 9j, 12and12b was further studied on
various Gram-positive and Gram-negative clinicallates (see Table S2 for their antibiotic
resistance profile), miramistin and benzalkoniunogtle were used as reference drugs (Table
7).

The most active compoun@s and12a exhibited antibacterial activity comparable with
benzalkonium chloride on Gram-positive bacteriajlevibeing less active on Gram-negative
ones. At the same timéj and 12a were more active in comparison with miramistin lmsth
Gram-positive and Gram-negative bacteria.



Table 7

In vitro antimicrobial activity olb, 6f, 6i, 6j, 9b, 9h, 9j, 12a, 12bn an extended panel of clinical bacterial patihsge

MICs (pg/ml)
' 6b o6f 6i 6j 9b 9h 9 12a 12b Benzalkonium Miramistin
Strain chloride
Gram-positive bacteria
S aureus 713 MRSA 4 16 4 2 8 2 16 4 2 8 64
S aureus 983 MRSA 64 64 16 16 64 64 32 32 32 16 >64
S aureus MR3A 1053 4 8 2 1 8 2 8 4 2 4 32
S intermedius MRS 4 8 4 2 8 2 16 4 4 4 64
1061
S aureus MRSA 1065 8 8 2 2 8 2 16 2 4 4 32
S aureus MRSA 1131 16 16 4 2 16 4 16 4 4 4 32
S intermedius MRS 4 16 4 2 8 4 16 4 4 4 64
1143
S aureus 25 4 8 2 2 8 2 8 2 2 2 16
E. faecalis 23 2 4 2 1 4 4 4 1 2 1 4
E. faecalis 3063 2 4 2 1 4 4 4 1 2 2 16
Gram-negative bacteria
Acinetobacter spp. 3 64 64 32 32 64 64 64 32 64 16 >64
Pseudomonas spp. 5 64 64 32 32 64 64 32 32 64 16 >64
Klebsiella spp. 11 64 64 16 32 64 32 32 32 64 16 >64
Proteus spp. 17 >64 >64 >64 >64 >64 >64 >64 >64 >64 64 >64
E. coli 718 32 >64 8 8 32 32 8 16 32 8 64
Moraxella sp. 765 64 >64 16 16 64 64 64 64 64 16 >64
K. pneumoniae 1813 4 >64 2 1 4 1 8 2 2 1 16
P. aeruginosa 1945 64 >64 16 8 64 64 >64 32 64 32 64
S marcescens 1966 64 >64 64 64 64 >64 >64 >64 >64 64 >64
S urellytica 1972 64 >64 64 >64 >64 >64 >64 >64 >64 >64 >64




Thus based onn vitro data of antibacterial activity and toxicity of 43nthesized

guaternary ammonium pyridoxine derivatives compauédand 12a were selected as lead
compounds for further investigations.

2.6. Anti-biofilm activity

The anti-biofilm activity of compoundsi and12ahas been tested on mono- and dual
species biofilms. Firstly, 48h-old biofilms &f aureus, M. luteus, E. coli or P. aeruginosa were
prepared in 24-well plates in basal medium (BM)thyevashed with sterile phosphate-buffered
saline (PBS) and filled with 1 mL of fresh BM brotiontaining6i, 12a or benzalkonium
chloride in concentrations of their respective 1-82minimum bactericidal concentrations
(MBCs) (see Table S1). After 24 hours of incubatithe viability of biofiim-embedded cells
was evaluated by colony-forming units (CFUs) caumtiNo statistically significant difference in
the activity of6i, 12aand benzalkonium chloride has been observed. Adlistl antimicrobials
provided a 3-log drop of CFUs of all biofiim-embeddbacteria at nearly the same relative
concentration (expressed as fold excess of respe®tBC), which varied by only one dilution
step (Fig. 5). Thus, botéi and12ademonstrated anti-biofilm activity comparable wilfat of
the benzalkonium chloride.

Next, the action 06i and12a against bacterial dual-species biofilms was studied
similar experimental design. A 48-h old biofilmgrwed byS. aureus andE. coli or S. aureus
and P. aeruginosa were incubated with different concentrations ofirarcrobials for 24 h and
then quantified by differential CFUs counting. hese experiments, effects of b@hand12a
againstboth S aureus and E. coli in dual-species culture remained more or lesslainto
benzalkonium chloride (Fig. 6). By contrast, thiuence of both compounds worsened against
S aureus - P. aeruginosa dual-species biofilms, apparently because of chdngetabolism of
these bacteria in their consortium.

These data allow suggestitg and 12a as a promising topical antimicrobials with
action comparable with benzalkonium chloride.
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Fig. 5 Antimicrobial effect of novel pyridoxine-based QA 6i and 12a against biofilm-embedded bacteria.
Benzalkonium chloride served as reference. Antiotiials were added to 48 hours-old biofilms. Afiet h



incubation, the biofilms were washed twice withrig#e0.9% NaCl. The adherent cells were scratchesljspended
and CFUs were counted. The median values with (J@®&m six independent measurements are shown.
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Fig. 6. Antimicrobial effect of novel pyridoxine-based Q& 6i and 12a against dual-species biofilms.
Benzalkonium chloride served as reference. Antiolials were added to 48 hours-old biofilms. Aftet B
incubation, the biofilms were washed twice withrigt€0.9% NaCl. The adherent cells were scratchesljspended
and CFUs were differentially counted on Endo-a@atrimide agar and Salt-mannitol agar. The medéaunes with
IQRs from six independent measurements are shown.

2.7. In vitro resistance devel opment

Spontaneous development of resistand& snd12ain comparison with miramistine and
benzalkonium chloride was studied 8naureus andE. coli strains.MICs of all antimicrobials
increased significantly (up to 32-fold) on th® Bassage o8 aureus, and 4-fold orE. coli (Fig.

7). After removal of antimicrobials, the MIC valuelecreased significantly suggesting that
observed resistance is rather phenotypic than galigtdetermined.
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Fig. 7. The development d.aureus (A) andE.cali (B) resistance to the novel pyridoxine-based QACand12a
A series of 2-fold serial dilutions of the test quounds were inoculated with 1GFUs ofS. aureus or E. coli. After
24 hincubation, cultures from the wells with thghest antibiotic concentration permitting growththe equivalent
of a 0.5 McFarland standard were used as inocutumthe next round of MIC determination. This progexwas
repeated for 14 passages, and MICs were recordib@ &nd of every passage. Next 7 passages wdormed in
absence of antimicrobials and MIC on*Zlassage was determined. Benzalkonium chloride aramistin were
served as references.

2.8. Invivo toxicity

For lead compound6i and 12a in vivo acute oral and dermal toxicity on mice were
perfomed as described in section 4.5.

In acute oral toxicity study after administratioh@ and12a in dose 2000 mg/kg the
death of animals occurred within the first 7 dayakle 8). Necropsy of compour@ treated
group revealed one case of enlarged spleen, pade dnd kidneys. Autopsy of mice received
12arevealed a pale liver, pale gastric mucosa in 8sésne of them had black contents in the
stomach, presumably blood). Despite this, compoén@sd12a were considerably less toxic
(LDso > 2000 mg/kg) than benzalkonium chloride 6080 mg/kg [11]), miramistine (L£3
1000 mg/kd27]), and chlorhexidine (LE) 1260 mg/kg) [28]).

During 14 days after the single cutaneous admatistn of compound®i and 12a at
dose 2500 mg/kg no toxicity-related clinical symmpor mortalities were revealed (Table 8).
For compound.2aa weak skin irritation was observed, which conmglietiisappeared on day 5.
At necropsy, no remarkable findings were notedhi ¢ontrol and tested compound treatment
groups. Thus, we can conclude that compoufidsand 12a are non-toxic at cutaneous
administration.

Based orresults of acute oral and dermalvivo studies compounds and12a belong
to category 5 of globally harmonized system of gifasation and labeling of chemicals [29]. It
should be noted that the vivo toxicity data did not correlate with the vitro data, according to
which compounds§i and12awere more toxic than chlorhexidine and miramistin.

Table 8
Acute oral and dermal toxicity data of compoufdand12aon mice

Acute oral toxicity Acute dermal toxicity
Compound
P Dead/total LD ma/k Dead/total LDso,
animals 50, MGG animals mg/kg
6i 2/12 0/12
12a 5/12 > 2000 0/12 > 2500

2.9. Unraveling the mechanism of antibacterial activity of 6i and 12a

The cell membrane damage causing changes in théoraeenpotential is a well-known
mechanism of antimicrobial activity exhibited byrieais quaternary ammonium salts [7]. To test
whether 6i and 12a can damage the cell membrane thereby leading tacelie death, the
membrane potential of bacterial cells was measimedletection of Diog(3) fluorescence.
S aureus and E. coli were grown for 18 h, harvested and washed with .RBSIs were re-



suspended until reaching the final density of @BU/mL in PBS supplemented with Dig(@)

(10 uM). After 30 min preincubation at 25 °C, antirnbials have been added at their respective
1xMIC and 1-4xMBCs (see Tables 1,3, S1) and therélscence was measured for 35 min with
5-minute intervals. As expected, a significant ddependent decrease of fluorescence has been
observed in all cells treated with eitht&@ror 12aat their respectivexMIC and higher, similarly

to benzalkonium chloride and miramistine regardigisthe cell wall traits, suggesting that the
membrane potential decreased due to the membranagaa(Fig. 8). As could be seen from the
figure, the absolute drop in RFUs was 1.5-fold kiglor Gram positive than on Gram negative
strains and was characterized by the time-dependiemt of membrane potential apparently
assuming their continuous damage. By contrastthi®iGram negative strains fast drop with no
further changes in relative membrane potential detected allowing speculating that probably
the outer membrane becomes broken while the ineenbmane remains intact.
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Fig. 8. Relative membrane potential 8aureus (A) andE.coli (B) treated with Q&s 6i and12a(1xMIC, 1x, 2x or
4x of corresponding MBC, for values see Tables Bn8 S1).Benzalkonium chloride and miramistin sdras
references drugs. Bacteria in the late exponegt@hth phase were harvested, washed by PBS andpexsded in
it, then supplemented by 10 uM of Dig@). After 30 min preincubation, compounds wereeatlds indicated and
the fluorescence was measured for 35 min with Sateimterval. Lines represent the median valueb 1@Rs from
5 independent measurements.

3. Conclusion

In conclusion, a diverse library of 43 novel “safttimicrobials” based on quaternary
ammonium pyridoxine derivatives was designed aed #ntibacterial activity against six Gram-
positive and Gram-negative bacterial strains wasdua¥edin vitro. The structure of obtained
compounds include six-membered acetals and ketghgridoxine bound via cleavable linker
moieties (amide, ester) with a fragment of fattyboaylic acid. Nine compounds exhibit
promising antibacterial activity with MIC valuesoroparable with that of miramistin,
benzalkonium chloride and chlorohexidine. SOS-clotast inS. typhimurium showed the lack
of DNA-damage activity for all active compounds aheéy were non-mutagenic in the Ames
test. Cytotoxicity studies on HEK-293, MSK and HSHs demonstrated that some of the active



compounds were less toxic than the benzalkoniuloride, but more toxic than chlorhexidine
and miramistin. The investigation of antibacteaativity on various Gram-positive and Gram-
negative clinical isolates showed that the mosivactompounds6i and 12a exhibited
antibacterial activity comparable with benzalkonigtioride and higher than miramistin. The
further in-depth investigations showed that compmsu6i and 12a have comparable with
benzalkonium chloride activity againstono- and dual species biofilms. Compoufidandl12a
are less toxicin vivo (LDsg > 2000 mg/kg) than benzalkonium chloride, mirametand
chlorhexidine at oral administration and non-taxiclermal administration (Ldg > 2500 mg/kg)
on mice. The mechanism of antibacterial activity6ofand 12a includes membrane integrity
damage. The obtained results make the described axmpounds a promising starting point
for new antibacterial agents development.

4. Experimental section
4.1. Chemistry

'H and **C NMR spectra were recorded on a “Bruker AVANCE 4@ operating
frequency 400 and 101.56Hz, respectively. Chemical shifts were measureth weference to
the residual protons of the solvent (DMSE)-H, 2.50ppm, °C, 39.520pm; CDC}, 'H,
7.26ppm, °C, 77.16ppm). Coupling constants))( are given in Hertz (Hz). The following
abbreviations are used to describe couplirgsiaglet; d=doublet; t=triplet; m=multiplet; br
s=broad singlet, AB=- AB system. Melting points were determined usingtanford Research
Systems MPA-100 OptiMelt melting point apparatusl aare uncorrected. For thin layer
chromatography analysis, silica gel plates fromb8o(Krasnodar, Russia) were used with UV
light (254nm/365nm) or iron (lll) chloride as developing agent. @oh chromatography was
performed on silica gel (60-200esh) from Acros or reversed-phase chromatographi?fe
15C18HP column from Interchim.

High-resolution (HRMS) mass spectra were obtainedaoquadrupole time-of-flight
(qTOF) AB Sciex Triple TOF 5600 mass spectromet@ngi turbo-ion spray source (nebulizer
gas nitrogen, a positive ionization polarity, needbltage 550¥). Recording of the spectra was
performed in “TOF MS” mode with collision energy &0, declustering potential 1@ and
with resolution more than 30 000 full-width half-ri@um. Samples with the analyte
concentration imol/l were prepared by dissolving the test compasunda mixture of methanol
(HPLC-UV Grade, LabScan) and water (LC-MS Grad&yr@ac) in 1:1 ratio.

Analytical reversed-phase HPLC was used for deteation of uncalibrated purity of the
compounds and conducted using a Zorbax RX-SIL col@@m, 250*4.6 mm); eluent A, 0.77
% solution of ammonium acetate in water; eluent B;CN; isocratic elution A:B = 1:9; flow
rate was 1.6 mL/min. HPLC analysis was performed04C during 17 min at 285 nm.

4.1.1. General procedure for preparation of compounds 3a-h

The amine2a-b (1.4 equiv) was added to carboxylic adid-d (1 equiv) in 50 ml of
toluene. The reaction mixture was refluxed with @aB-Stark trap for 48 h. The progress of
reaction was monitored for water formed in the D8terk trap. Then the solvent was
evaporated under reduced pressure. The produateegstallized from acetone.

4.1.1.1. N-(2-(Dimethylamino)ethyl)laurylamide (3a)

The reaction was carried out following the generalkcedure with compountia (5.00 g,
25.0 mmol) and compourzh (3.82 ml, 35.0 mmol). Yield 74% (5.00 g); whitdidpmp 48 °C.
'H NMR (CDCEk) &: 0.86 (t, 31, 33 = 6.8 Hz, CHCioH20), 1.23-1.29 (m, 18, 8CH,), 1.56-



1.64 (m, H, CHz), 2.15 (t, H, 3J|-||-| =7.6 HZ,CH2C(O)), 2.23 (S, 6, (CH3)2N), 2.40 (t, H,
3341 = 5.8 Hz,CHN), 3.29-3.33 (m, B, CH,NH), 6.07 (br s, H, NH). **C NMR (CDCEk) é:
14.22 (CHa), 22.79 CH,), 25.91 CHy), 29.44 CHy), 29.48 (CH,), 29.62 (CH,), 29.72 (CH,),
32.02 CHy), 36.71 CH>), 36.88 CH.NH), 45.21 (CH3)2N), 58.03 CH3N), 173.42 €=0). ESI-
HRMS m/z: 271.2749NI+H]" (calculated for [GH3sN20]" - 271.2744).

4.1.1.2. N-(2-(Dimethylamino)ethyl )myristylamide (3b)

The reaction was carried out following the generakedure with compountb (5.00 g,
21.9 mmol) and compourzh (3.35 ml, 30.7 mmol). Yield 69% (4.51 g); whitdidpmp 52 °C.
'H NMR (CDCW) 8: 0.87 (t, 3, 33 = 6.7 Hz, CHCisH24), 1.24-1.30 (m, 28, 10CH,), 1.57-
1.65 (m, H, CHz), 2.17 (t, H, 3J|-||-| =7.6 HZ,CH2C(O)), 2.27 (S, 6, (CH3)2N), 2.46 (t, H,
3341 = 5.9 Hz,CHN), 3.32-3.36 (m, B, CH,NH), 6.18 (br s, H, NH). **C NMR (CDCEk) :
14.25 CHj3), 22.82 CHy), 25.92 CHy), 29.46 CH,), 29.48 CH,), 29.50 CH;), 29.65 (CHy),
29.75 (CHy), 29.78 (CHy), 29.80 (CHy), 32.05 (CHy), 36.56 (CH,), 36.88 (Hj), 45.12
((CH3)2N), 58.08 CH2N), 173.51 C=0). ESI-HRMS m/z: 299.3062M+H]" (calculated for
[C1gH30N20]" - 299.3057).

4.1.1.3 N-(2-(Dimethylamino)ethyl )pal mitamide (3c)

The reaction was carried out following the gengralkcedure with compountt (5.00 g,
19.5 mmol) and compourih (2.98 ml, 27.3 mmol). Yield 64% (4.08 g); whitdidpmp 64 °C.
'H NMR (CDCl) 8: 0.87 (t, 3, %3y = 6.8 Hz, CHCisH2g), 1.24-1.32 (m, 24H, 12H,), 1.57-
1.64 (m, M, CHy), 2.17 (t, &, %3 = 7.9 Hz,CH,C(0)), 2.31 (s, 8, (CH3):N), 2.52 (t, H,
3Jun = 5.7 Hz,CHN), 3.37-3.39 (m, B, CH,NH), 6.45 (br s, H, NH). **C NMR (CDCEk) é:
14.28 (CH), 22.83 (CHy), 25.91 CHy), 29.49 (CH,), 29.52 CHy), 29.66 CHy), 29.77 CHy),
29.80 CHy), 29.83 (CH,), 32.06 CHy), 36.33 (CH,), 36.84 (CH;), 44.88 (CHz).N), 58.01
(CH2N), 173.63 (=0). ESI-HRMS m/z: 327.3375M+H]" (calculated for [GoH43N2OJ" -
327.3370).

4.1.1.4. N-(2-(Dimethylamino)ethyl)stearamide (3d)

The reaction was carried out following the generakedure with compountd (7.14 g,
25.1 mmol) and compourzh (3.83 ml, 35.1 mmol). Yield 73% (6.49 g); whitdidpmp 72 °C.
'H NMR (CDCW) 8: 0.87 (t, 3H,23 = 6.8 Hz, CHCieHs0), 1.24-1.32 (m, 28, 14CH,), 1.57-
1.64 (m, M, CHy), 2.17 (t, M, 33y = 7.9 Hz,CH,C(0)), 2.32 (s, ®, (CH3):N), 2.52 (t, H, *Jun
= 5.8 Hz,CH;3N), 3.35-3.39 (m, B, CH,NH), 6.44 (br s, H, NH). *C NMR (CDCE) &: 14.28
(CH3), 22.84 CHj), 25.91 CHy), 29.49 CHy), 29.52 CHy), 29.67 (CHy), 29.77 CH,), 29.80
(CHy), 29.84 CHy), 32.07 CHy), 36.33 CHy), 36.85 CH,), 44.89 (CHs).N), 58.02 CH2N),
173.63 C=0). ESI-HRMS m/z: 355.3683+H]" (calculated for [GH47N,O]" - 355.3683).

4.1.1.5. N-(3-(Dimethylamino)propyl)laurylamide (3e)

The reaction was carried out following the generakcedure with compountha (5.00 g,
25.0 mmol) and compourzb (4.37 ml, 35.0 mmol). Yield 70% (4.97 g); whitdidpmp 34 °C.
'H NMR (CDCk) &: 0.84 (t, 31, 3y = 6.0 Hz, CHCioH20), 1.22-1.28 (m, 18, 8CH,), 1.53-
1.59 (m, M, CHy), 1.62-1.68 (m, H, CH,), 2.11 (t, H, %J4y = 7.6 Hz,CH,C(0)), 2.24 (s, H,
(CH3)2N), 2.40 (t, ™, 33y = 6.4 Hz,CHoN), 3.26-3.31 (m, H, CH,NH), 6.97 (br s, H, NH).
13C NMR (CDCE) &: 14.17 (CHa), 22.74 CHy), 25.86 CH,), 26.08 CH,CH,CH,NH), 29.41
(CHy), 29.47 CHy), 29.58 CHy), 29.64 CHy), 29.69 CHy), 31.97 CHy), 37.01 CH,), 38.99
(CH2NH), 45.19 (CHs3)oN), 58.34 CH,N), 173.28 €=0). ESI-HRMS m/z: 285.2906M+H]"
(calculated for [G/H37N20]" - 285.2900).

4.1.1.6. N-(3-(Dimethylamino)propyl)myristylamide (3f)
The reaction was carried out following the gengracedure with compourith (10.00 g,
43.8 mmol) and compourib (7.66 ml, 61.3 mmol). Yield 65% (8.89 g); whitdidpmp 51 °C.



'H NMR (CDCl) 8: 0.87 (t, 3H,2Juy = 6.7 Hz, CHCisH24), 1.24-1.31 (m, 28, 10CH,), 1.55-
1.62 (m, 3, CHy), 1.64-1.70 (m, |, CHy), 2.14 (t, H, 3y = 7.7 Hz,CH2C(0)), 2.27 (s, 6l

(CH3)2N), 2.42 (t, 2H2Juy = 6.4 Hz,CH,N), 3.33-3.35 (m, H, CH,NH), 6.95 (br s, H, NH).

3C NMR (CDCE) &: 14.26 (CHas), 22.83 (CHy), 25.90 CHy), 26.09 CH,CH,CHoNH), 29.48
(CH,), 29.53 CHy), 29.64 CHy), 29.78 (CH,), 32.05 CHy), 37.11 (CHy), 39.21 (H,), 45.37
((CH3)2N), 58.63 CH2N), 173.27 €=0). ESI-HRMS m/z: 313.3219M+H]" (calculated for
[C1oH41N2O]" - 313.3213).

4.1.1.7. N-(3-(Dimethylamino)propyl)palmitamide (3g)

The reaction was carried out following the gengralcedure with compountb (4.00 g,
15.6 mmol) and compourib (2.73 ml, 21.8 mmol). Yield 59% (5.31 g); whitdidpmp 57 °C.
'H NMR (CDCW) 8: 0.86 (t, 3H,2 3 = 6.7 Hz, CHCisH2g), 1.24-1.32 (m, 24, 12CH,), 1.55-
1.62 (m, A, CH,), 1.66-1.73 (m, H, CH,), 2.14 (t, H, 3Jun = 7.8 Hz,CH,C(0)), 2.30 (s, 8,
(CH3)2N), 2.47 (t, 2H 334y = 6.5 Hz,CH2N), 3.30-3.35 (m, B, CH,NH), 6.98 (br s, H, NH).
13C NMR (CDCE) &: 14.27 (CHa), 22.83 CHy), 25.91 CH,), 25.94 CH,CH,CH,NH), 29.47
(CHy), 29.50 CHy), 29.54 CHy), 29.66 CHy), 29.77 CHy), 29.80 CHy), 29.83 (CH,), 32.06
(CH,), 37.08 CH,), 38.87 CHy), 45.08 (CHs):N), 58.17 CH,N), 173.39 (=0). ESI-HRMS
m/z: 341.3532¥1+H]" (calculated for [GiH4sN-O]" - 341.3526).

4.1.1.8. N-(3-(Dimethylamino)propyl)stearamide (3h)

The reaction was carried out following the generakcedure with compouritt (10.00 g,
35.2 mmol) and compourib (6.15 ml, 49.2 mmol). Yield 61% (7.91 g); whitdidpmp 64 °C.
'H NMR (CDCl) 8: 0.87 (t, 3H,2Juy = 6.8 Hz, CHCieHsp), 1.24-1.32 (m, 28, 14CH,), 1.56-
1.63 (m, 3, CHy), 1.69-1.75 (m, H, CHy), 2.15 (t, H, %Iy = 7.8 Hz,CH2C(0)), 2.33 (s, 6l
(CH3)2N), 2.51 (t, 2H. 3y = 6.5 Hz,CH,N), 3.30-3.35 (m, B, CH,NH), 6.95 (br s, H, NH).
3C NMR (CDCE) &: 14.26 (CHs), 22.83 (CHy), 25.86 CHs), 25.92 CH2CH,CHoNH), 29.49
(CHy), 29.54 CH,), 29.66 CHy), 29.70 CHy), 29.79 CHy), 29.84 (CHy), 32.06 CH,), 37.05
(CHy), 38.57 CHy), 44.84 (CHg)2N), 57.79 CH2N), 173.48 C=0). ESI-HRMS m/z: 369.3845
[M+H]" (calculated for [GsH49N2O]" - 369.3839).

4.1.1.9. N-(3-(Dimethylamino)propyl)hexanamide (3i)

The reaction was carried out following the gengrakcedure with compountk (4.50 g,
38.7 mmol) and compounzb (5.80 ml, 46.5 mmol). Then the solvent was evagodrainder
reduced pressur@ily residue then was refluxed in petroleum ethanirdy 1h and organic layer
was decanted. Yield 40% (3.16 g); yellow otH NMR (CDCk) &: 0.85 (t, 3H,3Jun = 6.4 Hz,
CHsC4Hg), 1.24-1.31 (m, H, 2CH,), 1.53-1.60 (m, H, CHy), 1.64-1.71 (m, H,
CH,CH,CH,NH), 2.12 (t, H, *Jqn = 7.6 Hz,CH,C(O)), 2.28 (s, 8, (CH3)-N), 2.45 (t, 2H3JuH
= 6.5 Hz,CH3N), 3.27-3.31 (m, B, CH,NH), 7.05 (br s, H, NH). **C NMR (CDCE) &: 14.00
(CHs), 22.47 CH,), 25.49 CH,), 25.91 CH.CH,CH,NH), 31.51 (CH,), 36.88 (CH,), 38.75
(CHy), 45.05 (CHs)2N), 58.14 CHN), 173.40 (C=0). ESI-HRMS m/z: 201.1967M-CI]*
(calculated for [GH25N20]" - 201.1961).

4.1.2. General procedure for preparation of compound 8a-f

The aminera-b (1 equiv), carboxylic acida-c (1 equiv) and DMAP (0.05 equiv) was
dissolved in 30 ml of methylene chloride then DC@swadded slowly during 15 min. The
reaction mixture was stirred for 4 h at 25 °C. Thiea formed precipitate was filtered. Filtrate
was concentrated and purified by column chromafdgrdeluent methylene chloride). Then the
eluate was evaporated under reduced pressure. rfjheesidue was emulsified in water and
neutralized with hydrochloric acid (pH=7). Then thater was evaporated under reduced
pressure. Then dry residue was refluxed in 30 ngetfoleum ether for 1 h and the precipitate
was filtered. The precipitate was dissolved in wated NaHCQ@ was added (1 equiv). Then the



solvent was evaporated under reduced pressurediheesidue was dissolved in methylene
chloride and NaCl was filtered. Then the solvens waaporated under reduced pressure.

4.1.2.1. 2-(Dimethylamino)ethyl laurylate (8a)

The reaction was carried out following the generakcedure with compounth (5.00 g,
25.0 mmol), compounda (2.51 ml, 25.0 mmol), DCC (5.15 g, 25.0 mmol), DMA0.15 g, 1.3
mmol). Yield 61% (4.15 g); colorless oitH NMR (CDCk) &: 0.84 (t, 31, 3Juy = 6.8 Hz,
CHsCioH2p), 1.21-1.28 (m, 18, 8CHy), 1.54 -1.61 (m, H, CHy), 2.24 (s, 8, (CH3).N), 2.28 (t,
2H, 334y = 7.6 Hz,CH,C(0)), 2.52 (t, M, %Jun = 5.8 Hz,CH.N), 4.13 (t, H, 34y = 5.8 Hz,
CH0). *C NMR (CDCE) &: 14.19 CHs), 22.75 CH,), 25.00 CHy), 29.20 CH,), 29.34 CH,),
29.41 (CHy), 29.53 (CHy), 29.67 CHy), 31.98 (CH,), 34.32 CHy), 45.77 (CHz).N), 57.92
(CH2N), 62.05 CH,0), 174.03 (¢=0). ESI-HRMS m/z: 272.2590M+H]" (calculated for
[C16H3aN0O]" - 272.2584).

4.1.2.2. 2-(Dimethylamino)ethyl myristate (8b)

The reaction was carried out following the gengralcedure with compountb (5.00 g,
21.9 mmol), compounda (2.20 ml, 21.9 mmol), DCC (4.52 g, 21.9 mmol), DMA0.13 g, 1.1
mmol). Yield 52% (3.42 g); colorless oftH NMR (CDCk) &: 0.81 (t, 3H,%J4n = 6.7 Hz,
CH3Cy2H24), 1.19-1.26 (m, 28, 10CHy), 1.51-1.59 (m, H, CH,), 2.22 (s, 81, (CH3):N), 2.26 (t,
2H, 33y = 7.3 Hz,CH,CO), 2.50 (t, 2H,%J4n = 5.7 Hz,CH.N), 4.11 (t, 2H,*J4n = 5.7 Hz,
CH,0). **C NMR (CDCb) 8: 14.15 CHs), 22.72 CH,), 24.96 CH,), 29.17 CH,), 29.31 CHy),
29.39 CHy), 29.50 CHy), 29.63 (CH>), 29.68 CH,), 29.71 CHy), 31.96 CH;), 34.27 CHy),
45.68 ((CHs)2N), 57.85 CH2N), 61.95 CH,0), 173.90 C=0). ESI-HRMS m/z: 300.2903
[M+H]" (calculated for [GsH3gNO,]" - 300.2897).

4.1.2.3. 2-(Dimethylamino)ethyl palmitate (8c)

The reaction was carried out following the gengralkcedure with compountt (5.00 g,
19.5 mmol), compounda (1.96 ml, 19.5 mmol), DCC (4.02 g, 19.5 mmol), DMA0.12 g, 0.9
mmol). Yield 52% (3.32 g); colorless oitH NMR (CDCk) &: 0.87 (t, 3H,%Juy = 6.8 Hz,
CH3Ci2H24), 1.24-1.30 (m, 28, 12CH,), 1.57-1.64 (m, B, CHy), 2.31 (s, 6l, (CHs)2N), 2.32 (t,
2H, 334y = 7.7 Hz,CHLC(0)), 2.59 (t, H, %Juy = 5.7 Hz,CH.N), 4.18 (t, H, 33y = 5.7 Hz,
CH,0). *C NMR (CDCEk) 8: 14.27 (CHs), 22.83 (CH,), 25.07 CHy), 29.27 CH,), 29.41 CHy),
29.50 CHy), 29.60 CHy), 29.74 CHy), 29.79 CHy), 29.83 (CH,), 32.06 (CH,), 34.40 (CH,),
45.72 (CHs)-N), 57.89 CH.N), 61.90 CH,O), 174.06 C=0). ESI-HRMS m/z: 328.3216
[M+H]" (calculated for [GoH4,NO,] ™ - 328.3210).

4.1.2.4. 3-(Dimethylamino)propyl laurylate (8d)

The reaction was carried out following the generakcedure with compountha (5.00 g,
25.0 mmol), compoundb (2.95 ml, 25.0 mmol), DCC (5.15 g, 25.0 mmol), DMA0.15 g, 1.3
mmol). Yield 51% (3.64 g); colorless oftH NMR (CDCk) &: 0.85 (t, 3, *Jun = 6.7 Hz,
CHsCioH22), 1.23-1.31 (m, 18, 8CH,), 1.55-1.62 (m, H, CH,), 1.73-1.80 (m, H,
CH,CH,CH,0), 2.20 (s, B, (CH3)2N), 2.26 (t, 2, *Juy = 7.5 Hz,CH2C(0)), 2.30 (t, 2, *Jyn =
7.0 Hz,CHN), 4.09 (t, H, 3.4 = 6.1 Hz,CH,0). **C NMR (CDC}) &: 14.23 (CHa), 22.79
(CH,), 25.09 (CH,), 27.12 (c, CHCH,CH,0), 29.26 CH,), 29.38 (CH,), 29.44 (CH,), 29.57
(CHy), 29.71 CH>), 32.01 CHy), 34.45 CHy), 45.59 (CH3)2N), 56.37 CH2N), 62.68 CH,0),
174.02 C=0). ESI-HRMS m/z: 286.2748+H]" (calculated for [GH3sN-O]" - 286.2741).

4.1.2.5. 3-(Dimethylamino)propyl myristate (8e)

The reaction was carried out following the generakcedure with compountb (5.00 g,
21.9 mmol), compoundb (2.59 ml, 21.9 mmol), DCC (4.52 g, 21.9 mmol), DMA0.13 g, 1.1
mmol). Yield 47% (3.28 g); colorless oitH NMR (CDCk) &: 0.86 (t, 3H,%Juy = 6.8 Hz,
CH3CioH24), 1.24-1.32 (m, 28, 10CHy), 1.57-1.63 (m, H, CHy), 1.77-1.84 (m, H, CH,), 2.24



(s, &, (CHs)2N), 2.28 (t, 6H2Jyy = 7.6 Hz,CH,C(O)), 2.35 (t, H, %y = 7.5 Hz,CH,N), 4.10
(t, 2H, *Juu = 6.5 Hz,CH,0). *C NMR (CDCh) &: 14.26 (CHa), 22.82 CH,), 25.12 CH,),
27.00 (CHCH,CH,0), 29.29 CHy), 29.41 (CH,), 29.49 CH,), 29.60 CH,), 29.77 CH,), 32.05
(CHy), 34.47 CHy), 45.48 (CHs)2N), 56.35 CH2N), 62.63 CH.0), 174.03 C=0). ESI-HRMS
m/z: 314.3059N¥1+H]" (calculated for [@H4NO,] " - 314.3054).

4.1.2.6. 3-(Dimethylamino)propyl palmitate (8f)

The reaction was carried out following the gengrakcedure with compountt (5.00 g,
19.5 mmol), compoundb (2.31 ml, 19.5 mmol), DCC (4.02 g, 19.5 mmol), DMA0.12 g, 0.9
mmol). Yield 51% (3.42 g); colorless oftH NMR (CDCk) &: 0.87 (t, 3H,%J4n = 6.7 Hz,
CH3Cy4H2g), 1.24-1.35 (m, 24, 12CHy), 1.56-1.64 (m, H, CHy), 1.78-1.85 (m, H, CHy), 2.26
(s, @, (CHs),N), 2.28 (t, H, 3y = 7.6 Hz,CH,C(O)), 2.37 (t, H, %Jun = 7.3 Hz,CH.N), 4.11
(t, 2H, *Jqu = 6.5 Hz,CH,0). *C NMR (CDCh) &: 14.27 (CHa), 22.83 (CH,), 25.12 CH,),
26.94 (CHCH,CH,0), 29.30 CHy), 29.41 CHy), 29.50 CH,), 29.61 CH>), 29.75 CHy), 29.79
(CHy), 29.83 CHy), 32.06 CHy), 34.47 CH,), 45.44 (CHs)2N), 56.34 CH2N), 62.59 CH,0),
174.02 C=0). ESI-HRMS m/z: 342.3372M+H]" (calculated for [GiH4NO2]" - 342.3367).

4.1.3. General procedure for preparation of quaternary ammonium salts 6a-u, 9a-n

A solution of the corresponding chloridsa—e (1 equiv) in 20 ml of ethanol was
neutralized with aqueous solution of NaHLQ equiv). The solvent was evaporated under
reduced pressure and the residue was dissolvethama (20 ml), and the formed NaCl was
filtered off. Compound8a-i, 8a-f (1 equiv) were added to the filtrate. The reactitrture was
heated at 70 °C for 8 h, then the solvent was easpd under reduced pressure. The product
was recrystallized from acetone (compour@su, 9b-g, 9i, 9k-n or purified by column
chromatography (compour@g, 9h, 9j) on reversed-fase column (eluent isopropanol/water
from 0:100 to 100:0).

4.1.3.1.  5-(Methylene(N,N-dimethyl-N-(2-lauroylaminoethyl Jammonium))-2,2,8-trimethyl -4H-
[1,3] dioxino[ 4,5-c] pyridin chloride (6a)

The reaction was carried out following the generakcedure with compourteh (0.66 g,
2.5 mmol), NaHC®(0.21 g, 2.5 mmol) and compouBid (0.68 g, 2.5 mmol). Yield 71% (0.89
g); white solid; mp 140-142 °C (dec)H NMR (CDCk) &: 0.84 (t, 3, 3y = 6.8 Hz,
CH3C;0H), 1.181.28 (m, 16H, 8CHh), 1.51 (s, €, (CH3),C), 1.52-1.58 (m, 2H, C}), 2.23 (t,
4H, 3Jyp = 7.6 Hz,CH,C(0)), 2.42 (s, BI, CHapyy), 3.34 (s, BI, (CH3),N"), 3.803.83(m, 2,
CHy), 3.994.02 (m, H, CHy), 4.95 (s, H, CHy), 5.10 (s, H, CHy), 8.26 (s, H, CHpy), 8.71 (t,
1H, *Ju = 5.4 Hz, NH).”*C NMR (CDCEk) &: 14.23 (CHa), 18.60 CHapy), 22.78 CH,), 24.95
(C(CHy)2), 25.61 CHy), 29.44 (CH,), 29.50 (CH,), 29.55 (CH,), 29.65 (CH>), 29.72 CHy),
29.75 (CH,), 32.00 CH,), 34.34 (CH>), 36.39 (CH>), 49.99 CH3N"), 59.43 CH>), 62.82 CHy),
64.30 (CHy), 100.78 (CHa)2C), 117.27 Cpy), 129.16 Cpyy), 143.53 Cpyy), 147.06 Cpyr), 150.88
(Cpy), 174.98 €=0). ESI-HRMS m/z: 462.3696M-Cl]" (calculated for [G/H4gNsOs]" -
462.3690).

4.1.3.2. 5-(Methylene(N,N-dimethyl-N-(2-myristoylaminoethyl Jammonium))-2,2,8-trimethyl-4H-
[1,3] dioxino[ 4,5-c] pyridin chloride (6b)

The reaction was carried out following the generakcedure with compourteh (0.37 g,
1.4 mmol), NaHC®(0.12 g, 1.4 mmol) and compouftd (0.41 g, 1.4 mmol). Yield 53% (0.59
g); beige solid; mp 132-138C (dec).'H NMR (CDCk) &: 0.86 (t, 3H,°Juy = 7.0 Hz,
CH3Ci5Hy4), 1.21-1.28 (m, 20H, 10GH 1.52 (s, 6H, (Ch)C), 1.55-1.59 (m, 2H, CH), 2.25 (t,
2H, 33y = 7.5 Hz,CH,C(0)), 2.41 (s, 3H, Chby), 3.29 (s, 6H, (CH.N"), 3.82-3.86 (m, 2H,
CH,), 4.01 (br s, 2H, C}), 4.84 (s, 2H, Ch), 5.07 (s, 2H, Ch), 8.18 (s, 1H, Epy,), 8.63 (t, 1H,
3Jun = 5.0 Hz, NH).°C NMR (CDCb) &: 14.22 (CH), 18.75 (CHapy), 22.78 (CHy), 24.94
((CH3)C), 25.61 CHy), 29.45 (CH), 29.50 (CH), 29.56 (CH), 29.65 (CH), 29.77 (CH),



32.01 (CH), 34.32 (CH)), 36.38 (CH), 49.97 (CHN"), 59.40 (CH), 62.90 (CH), 64.30 (CH),
100.69 (CH3):C), 117.08 (Gyr), 128.84 (Gyy), 143.82 (Gy), 146.95 (Gy), 151.07 (Gy),
174.98 (C=0). ESI-HRMS m/z: 490.400€{CI]" (calculated for [GoHs:N305]" - 490.4003).

4.1.3.3. 5-(Methylene(N,N-dimethyl-N-(2-pal mitoylaminoethyl Jammonium))-2,2,8-trimethyl -4H-
[1,3] dioxino[ 4,5-c] pyridin chloride (6c)

The reaction was carried out following the generakcedure with compourteha (0.34 g,
1.3 mmol), NaHC@(0.11 g, 1.3 mmol) and compoufd (0.43 g, 1.3 mmol). Yield 36% (0.26
g); beige solid; mp 135-136 °C (decH NMR (CDChk) &: 0.85 (t, 3H,°Jyn = 6.6 Hz,
CH3Ci4Hyg), 1.20-1.27 (m, 24H, 12GH 1.50 (s, 6H, CH3).C), 1.55 (br s, 2H, C}), 2.24 (t,
2H, *Jun = 7.3 Hz,CH,C(0)), 2.40 (s, 3H, Chby), 3.32 (s, 6H, (CH)N"), 3.81 (br s, 2H, Ch),
4.00 (brs, 2H, Cb), 4.89 (s, 2H, Ch), 5.08 (s, 2H, Ch), 8.19 (s, 1H, Gpy,), 8.72 (t, 1H Jun =
5.4 Hz, NH).”>C NMR (CDCEk) &: 14.18 (CHa3), 18.94 (CHapy), 22.73 CHy), 24.89 (CH3)-C),
25.57 CHy), 29.41 (CHy), 29.47 (CH,), 29.53 CH,), 29.62 CHy), 29.75 CH,), 31.97 (CH),
34.26 (CH), 36.33 (CH), 49.88 (CHN"), 59.32 (CH), 62.94 (CH), 64.22 (CH), 100.47
((CH3)C), 116.80 (Gy), 128.25 (Gy), 144.35 (Gy), 146.69 (Gy), 151.28 (Gy), 174.91
(C=0). ESI-HRMS m/z: 518.43164-CI]* (calculated for [GiH56N303] " - 518.4316).

4.1.3.4. 5-(Methylene(N,N-dimethyl-N-(2-stear oylaminoethylJammonium))-2,2,8-trimethyl-4H-
[1,3] dioxino[ 4,5-c] pyridin chloride (6d)

The reaction was carried out following the generakcedure with compourish (0.58 g,
2.2 mmol), NaHC®(0.18 g, 2.2 mmol) and compouf3d (0.78 g, 2.2 mmol). Yield 44% (0.56
g); beige solid; mp 143 °C (de¢H NMR (CDCk) &: 0.85 (t, 3H,2Juy = 6.3 Hz,_ CHCieH3),
1.20-1.30 (m, 28H, 14CH 1.51 (s, 6H,H3)-C), 1.54 (br s, 2H, Ch), 2.22 (t, 2H2Juy = 7.4
Hz, CH,C(O)), 2.41 (s, 3H, Chhy, 3.30 (s, 6H, (Ck)2N"), 3.82 (br s, 2H, Ch), 3.98 (br s, 2H,
CH;,), 4.89 (s, 2H, Ch), 5.08 (s, 2H, Ch), 8.24 (s, 1H, Bpy), 8.62 (br s, 1H, NH)}*C NMR
(CDCl3) 8: 14.25 (CHs), 18.67 CHspy), 22.80 (CH), 24.94 (CH3).C), 25.62 (CH), 29.48
(CHy), 29.53 (CH), 29.60 (CH), 29.69 (CH), 29.78 (CH), 29.83 (CH), 32.04 (CH), 34.20
(CH,), 36.38 (CHl), 49.94 (CHN"), 59.37 (CH), 62.86 (CH), 64.31 (CH), 100.71 (CHs).C),
117.21 (Gyr), 129.00 (Gy), 143.70 (Gy), 146.96 (Gyy), 150.91 (Gy), 175.02 (C=0). ESI-
HRMS m/z: 546.4629NI-Cl]" (calculated for [GHeoN3O3]" - 546.4629).

4.1.3.5. 5-(Methylene(N,N-dimethyl-N-(3-lauroylaminopropyl)ammonium))-2,2,8-trimethyl -4H-
[1,3] dioxino[ 4,5-c] pyridin chloride (6€)

The reaction was carried out following the generakcedure with compourish (0.29 g,
1.1 mmol), NaHC®(0.09 g, 1.1 mmol) and compoufd (0.31 g, 1.1 mmol). Yield 45% (0.25
g); white solid; mp 109-11£C (dec).'H NMR (CDCk) &: 0.85 (t, 3, 3Jyy = 6.7 Hz,
CH3C10Hy), 1.17#1.29 (m, 16H, 8Ch), 1.52 (s, 8l, (CH3),C), 1.52-1.58 (m, 2H, CH), 2.11-
2.18 (M, 2H, CHCH,CH,NH), 2.24 (t, 4, Iy = 7.6 Hz,CH,C(O)), 2.43 (S, B, CHapyy), 3.22
(s, &, (CHs)2N"), 3.323.35(m, 2H, CH,), 3.974.00 (m, M, CH,), 4.90 (s, B, CHy), 5.11 (s,
2H, CH,), 8.12 (br s, H, NH), 8.23 (s, H, CHp,). "°C NMR (CDCE) &: 14.23 (CHa), 18.53
(CHspyy), 22.78 (CHy), 23.11 (CHCH.CHyNH), 24.97 (C(CH),), 25.93 (CHy), 29.46 CH)),
29.56 (CHy), 29.66 CH,), 29.71 CH,), 29.74 CH,), 29.79 CH,), 32.01 CHy), 36.36 (CH,),
36.46 (CHy), 49.39 CH3N"), 59.41 CH,), 62.39 (CHy), 63.39 (CH>), 100.85 (CHs),C), 117.45
(Cpy), 129.40 Cpyy), 143.21 Cpy), 147.15 Cpyy), 150.72 Cpyy), 174.81 €=0). ESI-HRMS m/z:
476.3853 M-CI]" (calculated for [GgHsoN304] " - 476.3847).

4.1.3.6. 5 (Methylene(N,N-dimethyl-N-(3-myristoylaminopropyl)ammonium))-2,2,8-trimethyl-
4H-[1,3] dioxino[ 4,5-c] pyridin chloride (6f)

The reaction was carried out following the gehpracedure with compoungia (1.00 g,
3.8 mmol), NaHC® (0.32 g, 3.8 mmol) and compouBiti(1.18 g, 3.8 mmol). Yield 40% (0.82
g); beige solid; mp 123-128C (dec).'H NMR (CDCk) &: 0.86 (t, 3H,%Juy = 6.8 Hz,



CHsCi2Ha4), 1.21-1.29 (m, 20H, 10GH 1.52 (s, 6H,(H3).C), 1.56 (br s, 2H, Ch), 2.13-2.19
(m, 2H, CHCH,CH,NH), 2.27 (t, 2H,*Jun = 7.7 Hz,CH,C(O)), 2.41 (s, 3H, Chby), 3.20 (s,
6H, (CHs).N"), 3.34-3.38 (m, 2H, C}), 4.03-4.06 (m, 2H, Ch), 4.84 (s, 2H, Ch), 5.09 (s, 2H,
CHy), 8.11 (t, 1H2Jun = 5.4 Hz, NH), 8.16 (s, 1H, lpy,). **C NMR (CDCE) &: 14.24 (CHa),

18.89 (CHapy), 22.80 (CH), 23.10 (CHCH,CHoNH), 24.96 (CH3).C), 25.93 (CH), 29.35
(CHy), 29.48 (CH), 29.57 (CH), 29.66 (CH), 29.74 (CH), 29.78 (CH), 29.82 (CH), 32.04
(CH,), 34.40 (CH), 36.48 (CH), 49.39 (CHN"), 59.35 (CH), 62.56 (CH), 63.58 (CH),

100.63 (CH3).C), 116.92 (Gy), 128.56 (Gy), 143.93 (Gy), 146.87 (Gy), 151.31 (Gy),

174.99 (C=0). ESI-HRMS m/z: 504.41@U{CI]" (calculated for [GoH54N304]" - 504.4160).

4.1.3.7. 5-(Methylene(N,N-dimethyl-N-(3-pal mitoylaminopropyl)ammonium))-2,2,8-trimethyl -
4H-[1,3] dioxino[ 4,5-c] pyridin chloride (69)

The reaction was carried out following the gehpracedure with compounga (0.34 g,
1.3 mmol), NaHC@(0.11 g, 1.3 mmol) and compouBid (0.45 g, 1.3 mmol). Yield 43% (0.32
g); beige solid; mp 114-115 °C (decH NMR (CDCk) &: 0.86 (t, 3H,°Jyy = 6.8 Hz,
CH3Ci4Hyg), 1.21-1.29 (m, 24H, 12GH 1.51 (s, 6H,CHs3).C), 1.56 (br s, 2H, C}), 2.13-2.20
(m, 2H, CHCH,CH,NH), 2.26 (t, 2H, 34 = 7.6 Hz,CH,C(O)), 2.41 (s, 3H, Chby), 3.19 (s,
6H, (CH3),N"), 3.34-3.38 (m, 2H, C}, 4.00-4.04 (m, 2H, C}), 4.82 (s, 2H, Ch), 5.08 (s, 2H,
CH,), 8.11 (t, 1H,’Jun = 5.5 Hz, NH), 8.15 (s, 1H, Msy). *C NMR (CDCE) &: 14.19 (CHy),
18.81 (CHapy), 22.76 CH,), 23.10 (CHCH,CH,;NH), 24.91 (CHs).C), 25.89 (CH,), 29.35
(CHy), 29.44 (CH), 29.55 (CH), 29.63 (CH), 29.67 (CH), 29.70 (CH), 29.74 (CH), 29.79
(CH,), 31.99 (CH), 34.47 (CH)), 36.42 (CH), 49.39 (CHN"), 59.29 (CH), 62.46 (CH), 63.36
(CH,), 100.55 (CHa3),C), 117.03 (@), 128.52 (@), 144.00 (@), 146.77 (Gy), 151.11
(Cpy), 174.89 (C=0). ESI-HRMS m/z: 532.447M{CI]" (calculated for [GHsgN3Os]" -
532.4473).

4.1.3.8. 5-(Methylene(N,N-dimethyl-N-(3-stear oylaminopropyl)ammonium))-2,2,8-trimethyl -4H-
[1,3] dioxino[ 4,5-c] pyridin chloride (6h)

The reaction was carried out following the gehpracedure with compoungia (0.34 g,
1.3 mmol), NaHC@(0.11 g, 1.3 mmol) and compouft (0.49 g, 1.3 mmol). Yield 49% (0.39
g); beige solid; mp 134-136 °C (dedH NMR (CDCk) &: 0.85 (t, 3H,3Jyy = 6.7 Hz,
CH3Ci6H3p), 1.21-1.23 (m, 28H, 14GH 1.51 (s, 6H, (CHC), 1,55 (br s, 2H, C§), 2.17 (br s,
2H, CHCH,CH;NH), 2.25 (t, 2H, 3y = 7.5 Hz,CH,C(O)), 2.40 (s, 3H, Chby), 3.19 (s, 6H,
(CH3),N"), 3.33-3.37 (m, 2H, C§), 3.97-4.01 (m, 2H, C}), 4.82 (s, 2H, Ch), 5.08 (s, 2H,
CHy), 8.11 (t, 1H,2J4y = 5.4 Hz, NH), 8.16 (s, 1H,Ms,). *°C NMR (CDCk) 5: 14.18 (CH),
18.79 (CHpy), 22.74 (CH), 23.09 (CHCH,CH,NH), 24.90 (CHs).C), 25.88 (CH), 29.34
(CHy), 29.42 (CH), 29.54 (CH), 29.63 (CH), 29.72 (CH), 29.79 (CH), 31.98 (CH), 34.45
(CHy), 36.41 (CH), 49.37 (CHN"), 59.29 (CHl), 62.42 (CH), 63.31 (CH), 100.53 (CHs)2C),
117.03 (Gy), 128.52 (Gy), 143.98 (Gy), 146.76 (Gy), 151.08 (Gyy), 174.86 (C=0). ESI-
HRMS m/z: 560.4786NI-Cl]" (calculated for [G4He:N303]" - 560.4786).

4.1.39. 5-(Methylene(N,N-dimethyl-N-(2-laur oylaminoethyl)ammonium))-2-propyl-8-methyl -
4H-[1,3] dioxino[ 4,5-c] pyridin chloride (6i)

The reaction was carried out following the gengralcedure with compourisb (0.33 g,
1.2 mmol), NaHC@(0.11 g, 1.2 mmol) and compoufBid (0.34 g, 1.2 mmol). Yield 45% (0.29
g); white solid; mp 125 °C (dec)H NMR (CDCk) &: 0.84 (t, 3, %3 = 6.8 Hz,CH3C10H20),
0.96 (t, 31, %3y = 7.4 Hz, CHsCH,CH,CH), 1.161.25 (m, 161, 8CH,), 1.45-1.54 (m, H,
2CH3y), 1.731.85 (m, M, CHy), 2.21 (t, 2, %Iy = 7.6 Hz,CH,C(O)), 2.42 (s, B, CHspyy), 3.30
(s, H, CHsN"), 3.31 (s, BI, CH:N"), 3.79 (m, H, CH,), 3.95 (br s, B, CH,), 4.89, 4.92 (AB,
“Jun = -13.6 Hz, 2H, Ch), 5.04, 5.34 (AB%Jy = -16.4 Hz, 2H, Ch), 5.09 (t, 1H )= 5.1 Hz,
CH3CH,CH,CH), 8.25 (s, H, CHpy,), 8.63 (t, 1H,%Jy = 4.9 Hz, NH).**C NMR (CDCE) &:
13.99 CH3CH,CH,), 14.21 (CHs), 16.90 CH3CH,CHy), 18.52 (CHaspy), 22.76 (CHy), 25.59



(CHy), 29.43 CHy), 29.49 (CHy), 29.55 CHy), 29.64 CH>), 29.71 (CHy), 29.74 CHy), 31.99
(CHy), 34.23 (CHy), 36.25 (CH), 36.36 (CH>), 49.94 CHsN"), 50.09 CH3N"), 62.87 CH,),

64.23 CHy), 65.28 CHy), 100.58 CH3CH,CH2CH), 117.53 Cpyr), 130.66 Cpyr), 144.24 Cpy),

148.46 Cpy), 150.46 Cpy), 174.93 €=0). ESI-HRMS m/z: 476.3852M-Cl]" (calculated for
[C2sH50N303] " - 476.3847). HPLC analysis: retention time 8.8 ;mpunrity 99.6 %.

4.1.3.10 5-(Methylene(N,N-dimethyl-N-(2-myristoylaminoethyl)ammonium))-2-propyl-8-methyl -
4H-[1,3] dioxino[ 4,5-c] pyridin chloride (6)

The reaction was carried out following the generalcedure with compourteb (0.33 g,
1.2 mmol), NaHC@(0.11 g, 1.2 mmol) and compouft (0.36 g, 1.2 mmol). Yield 58% (0.38
g); beige solid; mp 136-139 °C (decH NMR (CDCk) &: 0.86 (t, 3H,°Jyn = 6.7 Hz,
CH3Ci2H24), 0.98 (t, 3H 23 = 7.4 Hz,CHsCH,CH,CH), 1.21-1.28 (m, 20H, 10G# 1.48-1.59
(m, 4H, 2CH), 1.74-1.86 (m, 2H, CH, 2.24 (t, 3H,°J4y = 7.7 Hz,CH,C(0)), 2.43 (s, 3H,
CHapy), 3.29 (s, 3H, CBN®), 3.30 (s, 3H, CBN"), 3.81-3.84 (m, 2H, Ch), 3.97-4.00 (m, 2H,
CHy), 4.82, 4.88. (AB, 2H%Jun = -13.6 Hz, CH), 5.04, 5.32 (AB, 2H%Juy = -16.4 Hz, CH),
5.07 (t, 3H 23 = 5.1 Hz,CHsCH,CH,CH), 8.19 (s, 1H, CH,), 8.62 (t, 1HJun = 5.2 Hz, NH).
¥C NMR (CDCb) &: 13.96 CH3CH,CH,), 14.17 (Ha3), 16.89 CH3CH,CH,), 18.84 (CHapy),
22.73 CH.), 25.56 (CH.), 29.41 CH,), 29.47 CH,), 29.53 CH,), 29.62 CH,), 29.74 CHy),
31.97 (CH,), 34.20 CH,), 36.26 (CH), 36.32 (H.), 49.88 (CHN"), 50.01 (CHN"), 62.97
(CHy), 64.19 (CH)), 65.21 (CH), 100.43 CH3CH,CH,CH), 117.11 (Gyy), 129.81 (Gyy), 144.95
(Cpy), 148.18 (Gy), 150.86 (Gy), 174.89 (C=0). ESI-HRMS m/z: 504.4160M{CI]*
(calculated for [GogHs4N303]" - 504.4160).

4.1.3.11. 5-(Methylene(N,N-dimethyl-N-(2-pal mitoylaminoethyl)ammonium))-2-propyl-8-methyl -
4H-[1,3] dioxino[ 4,5-c] pyridin chloride (6k)

The reaction was carried out following the gengralcedure with compourisb (0.33 g,
1.2 mmol), NaHC@(0.11 g, 1.2 mmol) and compoufid (0.41 g, 1.2 mmol). Yield 46% (0.33
g); beige solid; mp 141-142 °C (dedHd NMR (CDChk) &: 0.85 (t, 3H,%J = 6.5 Hz,
CH3Ci4H2g), 0.96 (t, 3H 3 = 7.3 Hz,CH3CH,CH,CH), 1.19-1.28 (m, 24H, 12Gi) 1.47-1.56
(m, 4H, 2CH), 1.73-1.83 (m, 2H, CH), 2.21 (t, 3H,*Juy = 7.6 Hz,CH.C(0O)), 2.39 (s, 3H,
CHgapyy), 3.27 (s, 3H, CBN"), 3.29 (s, 3H, CBN"), 3.80 (br s, 2H, C}}, 3.95 (br s, 2H, Ch),
4.82, 4.87 (AB, 2H2J4n = -14.0 Hz, CH), 5.01, 5.30 (AB, 2H%J4y = -16.1 Hz, CH), 5.05 (t,
3H, 33y = 4.8 Hz,CH3CH,CH,CH), 8.19 (s, 1H, @pyy), 8.63 (t, 1H,>J4y = 5.0 Hz, NH).**C
NMR (CDCL) 3: 13.97 CH3CH,CH,), 14.18 CHs), 16.91 CH3CH,CHy), 18.82 CHspyy), 22.75
(CHy), 25.58 (CH), 29.43 (CH), 29.46 (CH), 29.49 (CH), 29.56 (CH), 29.65 (CH), 29.73
(CHy), 29.78 (CH), 31.98 (CH)), 34.15 (CH), 36.27 (CH), 36.32 (CH), 49.86 (CHN™), 50.00
(CH3N™), 62.96 (CH), 64.21 (CH), 65.18 (CH), 100.43 CH3CH,CH,CH), 117.18 (Gy),
129.86 (Gyr), 144.94 (Gy), 148.19 (Gy), 150.80 (Gy), 174.94 (C=0). ESI-HRMS m/z:
532.4437 M-CI]" (calculated for [GHsgN3Os]* - 532.4437).

4.1.3.12. 5-(Methylene(N,N-dimethyl-N-(2-stear oylaminoethyl)ammonium))-2-propyl-8-methyl -
4H-[1,3] dioxino[ 4,5-c] pyridin chloride (6l)

The reaction was carried out following the gehpracedure with compounsb (0.33 g,
1.2 mmol), NaHC@(0.11 g, 1.2 mmol) and compoufd (0.44 g, 1.2 mmol). Yield 46% (0.34
g); beige solid; mp 143 °C (dedH NMR (CDCk) &: 0.85 (t, 3H 23y = 6.7 Hz, CHCi6H3)),
0.97 (t, 3H,%Jun = 7.4 Hz, CH;CH,CH,CH), 1.19-1.27 (m, 28H, 14CG} 1.46-1.59 (m, 4H,
2CH,), 1.76-1.83 (m, 2H, C}, 2.22 (t, 2H Jun = 7.4 Hz, CHC(0)), 2.41 (s, 3H, Chbyy), 3.30
(s, 3H, CHN"), 3.31 (s, 3H, CeN"), 3.79-3.82 (m, 2H, C}), 3.95-3.99 (m, 2H, C}), 4.84,
4.90 (AB, 2H,%J41 = 13.6 Hz, CH), 5.03, 5.32 (AB, 2H2Juy = 16.4 Hz, CH), 5.06 (t, 1H 34y
= 5.1 Hz, CH), 8.20 (s, 1H, G&j), 8.64 (br s, 1H, NH)®C NMR (CDCk) &: 13.99
(CH3CH,CH,), 14.21 (CHa), 16.92 CH3CH,CH,), 18.84 (CHapy), 22.77 CHy), 25.59 (Hy),
29.44 CH,), 29.51 CHy), 29.57 CH,), 29.67 CHy), 29.71 CH,), 29.75 (CH,), 29.80 (CH,),



32.00 CHy), 34.20 CHy), 36.29 CHy), 36.36 CHy), 49.88 (CHN"), 50.04 (CHN"), 63.02
(CHp), 64.24 (CH), 65.22 (CH), 100.47 CHsCH,CH,CH), 117.14 (@), 129.89 (Gy), 144.91
(Cey), 148.24 (G), 150.90 (G,), 174.97 (C=0). ESI-HRMS miz: 560.47881{CI]*
(calculated for [G4Hs2N303]" - 560.4786).

4.1.3.13. 5-(Methylene(N,N-dimethyl-N-(3-lauroylaminopropyl )ammonium))-2-propyl-8-methyl -
4H-[1,3] dioxino[ 4,5-c] pyridin chloride (6m)

The reaction was carried out following the gengralcedure with compourisb (0.33 g,
1.2 mmol), NaHC@(0.11 g, 1.2 mmol) and compoufid (0.35 g, 1.2 mmol). Yield 44% (0.29
g); white solid; mp 130-131 °C (dec)H NMR (CDCk) &: 0.84 (t, 3, 3y = 6.8 Hz,
CH3C14Hzg), 0.97 (t, 31, 3Jun = 7.4 Hz,CH3CH,CH,CH), 1.201.27 (m, 161, 8CH,), 1.46-1.55
(m, 4, 2CHy), 1.731.86 (m, 3, CHy), 2.122.14 (m, 2H, CHCH,CH,NH), 2.23 (t, H, 33 =
7.3 Hz,CH,C(0)), 2.43 (S, Bl, CHgpyy), 3.20 (s, B, CHsN™), 3.25 (s, BI, CHsN™), 3.363.35 (m,
2H, CH,), 3.873.99 (m, 2, CH,), 4.90 (s, 2H, Ch), 5.07, 5.34 (AB, 2H%Jy = -16.4 Hz, CH),
5.14 (t, 1H,234y = 5.1 Hz,CHsCH,CH,CH), 5.02 (s, B, CH,), 8.08 (t, 1H 234y = 5.6 Hz, NH),
8.22 (s, H, CHpy). *C NMR (CDCk) &: 14.02 (CH3CH,CH,), 14.23 (Hs), 16.92
(CH3CH,CHy), 18.53 CHspyy), 22.78 CHy), 23.21 (CHCH,CH,NH), 25.90 CH>), 29.46 CH,),
29.55 CHy), 29.64 (CHy), 29.71 (CH,), 29.74 CH,), 29.79 CHy), 32.01 CH,), 36.28 (CH),
36.46 (CH,), 49.22 (CHsN"), 49.64 CH3N"), 62.72 CH,), 63.11 (CH,), 65.30 CH>), 100.62
(CH3CH2CH2CH), 117.63 Cpy), 130.90 Cpy), 143.90 Cpy), 148.56 Cpy), 150.43 Cpy),
174.78 C=0). ESI-HRMS m/z: 490.400-CI]" (calculated for [GoHs2N305]" - 490.4003).

4.1.3.14. 5-(Methyl ene(N,N-dimethyl-N- (3-myristoylaminopropyl Jammonium))-2-propyl -8-
methyl-4H-[ 1,3] dioxino[ 4,5-c] pyridin chloride (6n)

The reaction was carried out following the gehpracedure with compounsb (0.36 g,
1.3 mmol), NaHC®(0.11 g, 1.3 mmol) and compouf3fi(0.41 g, 1.3 mmol). Yield 58% (0.42
g); beige solid; mp 130-132 °C (decH NMR (CDChk) &: 0.84 (t, 3H,°Jyy = 6.8 Hz,
CH3C12H24), 0.95 (t, 3H 23 = 7.4 Hz,CHsCH,CH,CH), 1.19-1.27 (m, 20H, 10GH) 1.47-1.54
(m, 4H, 2CH), 1.75-1.81 (m, 2H, C§), 2.07-2.15 (m, 2H, CHCH,CH,NH), 2.21 (t, 2H 23y =
7.6 Hz, CHC(O)), 2.38 (s, 3H, Chby, 3.18 (s, 3H, CN™), 3.22 (s, 3H, ChN™), 3.30-3.33 (m,
2H, CHp), 3.83-3.98 (m, 2H, CH), 4.82, 4.86 (AB, 2H%J4y = 14.8 Hz, CH), 5.02, 5.30 (AB,
2H, 2Jqn = 16.2 Hz, CH), 5.09 (t, 3H 23y = 5.1 Hz,CHsCH,CH,CH), 8.08 (t, 1H )y = 5.4
Hz, CH), 8.16 (s, 1H, NH)**C NMR (CDCE) &: 14.02 CHsCH,CH,), 14.22 (Hs), 16.96
(CH3CH,CHy), 18.79 CHaspyy), 22.78 CH>), 23.34 CH.CH,CH,NH), 25.89 (CH), 29.47 (CH),
29.59 (CH), 29.67 (CH), 29.77 (CH), 29.82 (CH), 32.02 (CH), 36.32 CH3CH,CH,), 36.48
(CH2NH), 49.54 (CHN"), 49.94 (CHN™), 63.19 (CH), 65.31 (CH), 100.47 CH3CH,CH,CH),
117.42 (Gyr), 130.13 (Gy), 144.76 (Gy), 148.27 (Gyr), 150.69 (Gy), 174.88 (C=0). ESI-
HRMS m/z: 518.4316NI-Cl]" (calculated for [GiHseN3O3] " - 518.4316).

4.1.3.15. 5-(Methylene(N,N-dimethyl-N-(3-pal mitoylaminopr opyl )Jammonium))-2-propyl-8-
methyl-4H-[ 1,3] dioxino[ 4,5-c] pyridin chloride (60)

The reaction was carried out following the gengralcedure with compourisb (0.33 g,
1.2 mmol), NaHC@(0.11 g, 1.2 mmol) and compoufBidg (0.42 g, 1.2 mmol). Yield 57% (0.41
g); beige solid; mp 130-132 °C (dedHd NMR (CDChk) &: 0.85 (t, 3H,%J = 6.7 Hz,
CH3Ci4H2g), 0.96 (t, 3H 33 = 7.3 Hz,CH3sCH,CH,CH), 1.20-1.27 (m, 24H, 12Gi 1.48-1.54
(m, 4H, 2CH), 1.75-1.81 (m, 2H, Ch), 2.12 (br s, 2H, CKCH,CHyNH), 2.21 (t, 3H Jyu = 7.4
Hz, CHC(O)), 2.39 (s, 3H, Chbyp, 3.17 (s, 3H, CkN"), 3.22 (s, 3H, CkN"), 3.33 (br s, 2H,
CHy), 3.74-3.93 (m, 2H, C}), 4,82 (s, 2H, Ch), 5,01, 5.28 (AB, 2H%Jyy = - 16.9 Hz, CH),
5.09 (t, 1H 23y = 5.3 Hz,CH3CH,CH,CH), 8.07 (t, 1H 23 = 5.3 Hz, NH), 8.17 (s, 1H,K5y,).
%C NMR (CDCb) 6: 13.99 CH3CH,CH,), 14.19 (Hs), 16.92 CH3CH,CH;,), 18.79 (CHspyy),
22.75 (CH), 23.26 CH,CH,CH;NH,), 25.86 (CH), 29.43 (CH), 29.56 (CH), 29.66 (CH),
29.73 (CH), 29.80 (CH), 31.99 (CH), 36.29 (CH), 36.41 (CH), 49.28 (CHN"), 49.73



(CHsN"), 62.82 (CH), 62.96 (CH), 65.13 (CH), 100.40 CH3;CH,CH,CH), 117.42 (G,
130.05 (Gy), 144.71 (Gy), 148.19 (G,), 150.60 (), 174.74 (C=0). ESI-HRMS m/z:
546.4630 M-CI]" (calculated for [GaHgsN303]" - 546.4629).

4.1.3.16. 5-(Methylene(N,N-dimethyl-N-(3-stear oylaminopr opyl Jammonium))-2-propyl-8-
methyl-4H-[ 1,3] dioxino[ 4,5-c] pyridin chloride (6p)

The reaction was carried out following the generalcedure with compourteb (0.33 g,
1.2 mmol), NaHC@(0.11 g, 1.2 mmol) and compoufBd (0.46 g, 1 2 mmol). Yield 46% (0.35
g); beige SO|Id mp 143 °C (dedH NMR (CDCk) &: 0.85 (t, 3H,.2J4n = 6.8 Hz, _CHCi6H32),
0.97 (t, 3H,%Juy = 7.4 Hz, CHsCH,CH,CH), 1.22-1.28 (m, 28H, 14CH 1.47-1.56 (m, 4H,
2CH,), 1.75-1.85 (m, 2H, Ch), 2.13 (br s, 2H, CECH,CH,NH,), 2.24 (t, 2H,33uy = 7.9 Hz,
CH,C(0)), 2.41 (s, 3H, CH, 3.18 (s, 3H, ch+), 3.22 (s, 3H, CENY), 3.32-3.36 (m, 2H,
CH,N"), 3.84-3.98 (m, 2H, Ch), 4.82, 4.86 (AB, 2H?Juy = -14.4 Hz, CH), 5.04, 5.31 (AB,
2H, 2Jun = -16.4 Hz, CH), 5.11 (t, 1H3J4 = 5.1 Hz,CHsCH,CH,CH), 8.05 (t, 1H 33y = 5.4
Hz, NH), 8.17 (s, 1H, CHy). '*C NMR (CDCE) &: 13.98 CH3CH,CH,), 14.17 (CHs), 16.91
(CHsCH,CH,), 18.74 (Hapy), 22.74 (CH,), 23.20 CH,CH,CH;NH,), 25.85 (CHy), 29.42
(CH,), 29.54 CH,), 29.63 CH,), 29.72 CH,), 29.79 (CH,), 31.97 (CH.), 36.28 (CH), 36.40
(CHp), 49.26 (CHNY), 49.67 (CHN"), 62.77 (CH,), 62.99 (CH,), 65.15 (H.), 100.41
(CH3CH,CH,CH), 117.39 (Gy), 130.11 (Gy), 144.61 (Gy), 148.22 (Gy), 150.61 (G,
174.76 (C=0). ESI-HRMS m/z: 574.494]CI]" (calculated for [GsHeiNsOs]* - 574.4942).

4.1.3.17. 5-(Methylene(N,N-dimethyl-N-(3-myristoylaminopropyl )ammonium))-2-pentyl -8-
methyl-4H-[ 1,3] dioxino[ 4,5-c] pyridin chloride (6q)

The reaction was carried out following the gengrakcedure with compourist (0.80 g,
2.6 mmol), NaHC® (0.22 g, 2.6 mmol) and compouB3ti(0.82 g, 2.6 mmol). Yield 57% (0.90
g); white SO|Id mp 122 °C (dec)H NMR (CDCk) &: 0.85 (t, 3, %Jun = 6.9 Hz,CH3C14Hg),
0.89 (t, 3, *Jun = 6.9 Hz, CH5(CH,)4CH), 1.201.27 (m, 261, 10CH,), 1.30-1.34 (m, H,
2CHy), 1441 56 (m, 4, 2CH>), 1.751.85 (m, 2, CHy), 2.12 (br s, 2H, CKCH,CH,NH), 2.23
(t, 2H, Iy = 7.6 Hz,CH,C(O)), 2.40 (s, Bl, CHapy), 3.18 (s, BI, CHsN ) 3.22 (s, B, CHsN"),
3.31:3.34 (m, A, CH2) 3.844.00 (m, M, CHy), 4.82, 4.86 (AB, 2H?Juy = -14.0 Hz, CH),
5.02, 5.30 (AB, 2H%Juy = -16.4 Hz, CH), 5.08 (t, 1H,2J4y = 5.2 Hz,CH3(CH,)4CH), 8.10 (t,
1H, 33 = 5.1 Hz, NH), 8.16 (s,H, CHpyy). **C NMR (CDCk) &: 14.08 (CHs), 14.23 (CHb),
18.92 (CHapyy), 22.61 CHy), 22.78 (CHCH,CH.NH), 23.22 CHy), 25.90 CH>), 29.47 CHy),
29.57 CHy), 29.66 CHy), 29.73 CH,), 29.76 CHy) 29.81 (CHy), 31.61 CH,), 32.01 CHy),
34.26 (CH,), 36.27 (CH,), 36.46 (CHy), 49.21 CH3N"), 49.57 CH3N"), 62.84 (CH,), 63.15
(CHyp), 65.24 (CHy), 100.68 CH3(CH2)sCH), 117.14 Cpyy), 129.98 Cpyy), 144.65 Cpy,), 148.29
(Cpy), 150.94 Cpy), 174.79 (C=0). ESI-HRMS m/z: 546.4635M-Cl]" (calculated for
[C33HeoN3Os] " - 546.4629).

4.1.3.18. 5-(Methylene(N,N-dimethyl-N-(3-myristoylaminopropyl)Jammonium))-2-octyl-8-methyl -
4H-[1,3] dioxino[ 4,5-c] pyridin chloride (6r)

The reaction was carried out following the gengralcedure with compoursd (0.56 g,
1.6 mmol), NaHC@(0.13 g, 1.6 mmol) and compouffl (0.50 g, 1.6 mmol). Yield 76% (0.76
g); beige solid; mp 16265 °C (dec)'H NMR (CDCk) 5: 0.85 (t, 3, *Ju = 6.9 Hz,CHs), 0.86
(t, 3H, *Juy = 5.9 Hz,CHs), 1.201.34 (m, 301, 15CH),), 1.43-1.52 (m, H, 2CHy), 1.731.87 (m,
2H, CHp), 2.12 (br s, 2H, C&chzNH) 2.23 (t, H, %y = 7.6 Hz,CH,C(O)), 2.40 (s, B,
CHgapy), 3.18 (s, B, CHsN™), 3.22 (s, B, CH3N "), 3.3:3.34 (m, H, CH)), 3. 844 00 (m, A,
CHy), 4.84 (c, 2H, CH), 502 5.30 (AB, 2H% = -16.4 Hz, CH), 5.08 (t, 1H2Juy = 5.1 Hz,
CH3(CH,),CH), 8.09 (t, 1HJqn = 5.4 Hz, NH), 8.16 (s,H, CHpy;). “°C NMR (CDC}) &: 14.22
(CHs), 18.91 CHspyy), 22.77 CHy), 23.19 (CHCH,CH;NH), 23.56 CH>), 25.90 CH,), 29.34
(CHy), 29.47 CH,), 29.50 CHy), 29.57 CHy), 29.67 (CH,) 29.74 (CH,), 29.77 CHy), 29.82
(CHy), 31.96 CH,), 32.02 CH,), 34.32 (CH>), 36.26 (CH»), 36.45 CH,), 49.20 CHsN"), 49.57



(CHsN"), 62.83 CHy), 63.15 CHy), 65.23 CHy), 100.68 CHs(CHz);CH), 117.15 Cpyy), 129.97
(Cpyr), 144.65 Cpyr), 148.29 Cpyr), 150.93 Cpyy), 174.79 C=0). ESI-HRMS m/z: 588.5104-
CI]” (calculated for [GsHesN3O3] " - 588.5099).

4.1.3.19. 5-(Methylene(N,N-dimethyl-N-(3-hexanoylaminopropyl)ammonium))-2,2,8-trimethyl -
4H-[1,3] dioxino[ 4,5-c] pyridin chloride (6s)

The reaction was carried out following the generakcedure with compourteha (0.37 g,
1.4 mmol), NaHC®(0.12 g, 1.4 mmol) and compouBd(0.28 g, 1.4 mmol). Yield 63% (0.38
g); white solid; mp 124.25 °C (dec)'H NMR (CDCh) &: 0.79 (t, 31, *Jun = 6.9 Hz,CH3C4Hg),
1.181.25 (m, 4H, 2CH), 1.48 (s, #l, (CH3),C), 1.50-1.56 (m, 2H, C§), 2.09-2.17 (m, 2H,
CH,CH,CH,NH), 2.22 (t, #H, )y = 6.8 Hz, CH,C(0)), 2.36 (s, BI, CHspy), 3.20 (s, 6I,
(CH3),N"), 3.293.33 (m, 2H, CH>), 3.953.98 (m, M, CH,), 4.85 (s, B, CH,), 5.06 (s, H,
CHy), 8.16 (s, H, CHpy,), 8.20 (t, H, *Jus = 5.3 Hz, NH).">C NMR (CDC}) &: 14.06 (CHa),
18.96 CHaspyy), 22.52 CH>), 23.10 (CHCH,CHyNH), 24.90 CH,), 25.51 CH>), 31.55 CHy),
36.31 (CH.), 49.28 CH3N"), 59.31 CH,), 62.47 CH,), 63.23 CH,), 100.51 (CHs)-C), 116.87
(Cpyp), 128.32 Cpyr), 144.11 Cpyr), 146.71 Cpyy), 151.24 Cpyy), 174.71 C=0). ESI-HRMS m/z:
392.2913 M-CI]" (calculated for [GHzgN303] " - 392.2908).

4.1.3.20. 5-(Methylene(N,N-di methyl -N-(3-hexanoylaminopr opyl Jammoni um))-2-propyl -8-
methyl-4H-[ 1,3] dioxino[ 4,5-c] pyridin chloride (6t)

The reaction was carried out following the generalcedure with compourteb (0.39 g,
1.4 mmol), NaHC®(0.12 g, 1.4 mmol) and compouBd(0.27 g, 1.4 mmol). Yield 40% (0.24
g); white solid; mp 99.00°C (dec).'H NMR (CDCLk) &: 0.80 (t, 31, *Juy = 6.7 Hz,CH3C4Hg),
0.96 (t, 31, *Jun = 7.3 Hz,CH5CH,CH,CH), 1.161.25 (m, 4H, 2CH), 1.441.54 (m, 2H, CH),
1.721.80 (m, 2H, CHCH,CH,CH), 2.11 (br s, 2H, CK¥CH,CHyNH), 2.17 (t, 4, *Juy = 7.6 Hz,
CH,C(0)), 2.36 (s, B, CHgpyy, 3.17 (s, BI, CH3N"), 3.22 (s, BI, CH3N"), 3.363.32(m, 2H,
CH,), 3.743.78 (m, H, CH,), 4.76, 4.82 (AB, 2H%J4y = -14.1 Hz, CH), 5.00, 5.24 (AB, 2H,
2Jun = -16.2 Hz, CH), 5.09 (t, 3H 3 = 4.9 Hz, CH), 8.08 (br s,1H, NH), 8.17 (s, 1H, GH
3C NMR (CDCE) &: 14.03 (CH3CH.CH,), 14.10 (CHs), 16.95 (CH3CH,CH,NH), 18.85
(CHspy), 22.55 CHy), 23.26 CH2CH2CH,), 25.51 CH,), 31.60 CHy), 36.22 CH,), 36.31
(CH,), 36.36 (CH), 49.29 (CHN"), 49.72 (CHN"), 62.90 (CH), 63.09 (CH), 65.16 (CH),
100.45 (CHCHCH,CHg), 117.38 (Gy), 130.05 (Gy), 144.73 (Gyy), 148.24 (Gy), 150.74
(Cpy), 174.82 (C=0). ESI-HRMS m/z: 406.30701{CI]" (calculated for [GH4oN3O3]" -
406.3064).

4.1.3.21. 5-(Methylene(N,N-dimethyl-N-(3-hexanoylaminopropyl Jammonium))-2-(undecan-2-yl)-
8-methyl-4H-[ 1,3] dioxino[ 4,5-c] pyridin chloride (6u)

The reaction was carried out following the gehpracedure with compounse (0.35 g,
0.9 mmol), NaHC®(0.08 g, 0.9 mmol) and compouBd(0.18 g, 0.9 mmol). Yield 40% (0.2 g);
white solid; mp 137140 °C (dec)*H NMR (CDCk) & (mixture of diastereomers): 0.83 (£3
3)un= 7.4 Hz,CHs), 0.86 (t, 31, 334y = 6.7 Hz,CH3), 0.96 (t, 31, 334y = 7.3 Hz,CH3), 0.981.01
(m., 3, CH3(CH2)sCH(CHg)), 1.221.32 (m, 17H, 9CH), 1.351.44 (m, 2H, CH), 1.5%:1.62
(m, 4H, 2CH), 1.87 (br s, 1HCH3(CH2)sCH(CHg)), 2.092.19 (m, 2H, CHCH,CH,NH), 2.25
(t, 4H, 3Jup = 7.6 Hz,CH,C(0)), 2.41 (s, B, CHspyy), 3.18 (s, B, CH3N"), 3.22 (s, BI, CHaN"),
3.31-:3.36 (m, 2H, CH,), 3.874.04 (m, M, CH,), 4.84, 4.87 (AB, 2H%Juy = -14.2 Hz, CH),
4.93 (t, 3H,2Ju4 = 4.9 Hz, CH), 5.03, 5.35 (AB, 2HJn = 16.2 Hz, CH), 8.15 (br s, 1H, NH),
8.18 (s, 1H, CH,). *C NMR (CDCE) 5 (mixture of diastereomers): 13.40Hz), 13.70 (CHa),
14.11 CHs), 14.23 (CHs), 18.85 (CHapy), 18.90 CHspy), 22.57 CHy), 22.79 CHy), 23.20
(CHy), 25.55 CHy), 27.00 CHy), 27.08 CH,), 29.45 (CH,), 29.74 CHy), 29.94 CH,), 30.92
(CHy), 31.04 CH,), 31.61 CHy), 32.02 CH,), 36.25 CHy), 36.40 CH,), 37.34 (CH,), 49.24
(CHsNY), 4958 (CHN"), 6291 (CH), 63.31 (CH), 65.34 (CH), 103.24
(CH3(CH2)sCH(CHs)CH), 103.39 CH3(CH2)eCH(CHg)), 117.14 (Gyy), 130.03 (Gyy), 144.59



(Cry), 148.49 (Gy), 150.99 (G,), 174.85 (C=0). ESI-HRMS miz: 518.4323{CI]*
(calculated for [GiHseN3Os] " - 518.4316).

4.1.3.22. 5-(Methylene(N,N-dimethyl-N-(2-laur oyl oxyethyl)Jammonium))-2,2,8-trimethyl-4H-
[1,3] dioxino[ 4,5-c] pyridin chloride (9a)

The reaction was carried out following the generakcedure with compourteh (0.40 g,
1.5 mmol), NaHC®(0.13 g, 1.5 mmol) and compouBd (0.42 g, 1.5 mmol). Yield 47% (0.36
g); colorless oil'H NMR (CDCEk) 8: 0.85 (t, 31, *Jun = 6.9 Hz,CH3sC10H20), 1.181.28 (m, 16H,
8CH,), 1.50 (s, ®, (CHs),C), 1.52-1.60 (m, 2H, C}, 2.30 (t, 4, %34y = 6.5 Hz,CH,C(O)),
2.40 (s, 31, CHapyy), 3.39 (s, 6l, (CH3)2N"), 4.29(br s, 21, CHy), 4.61 (br s, B, CHy), 5.16 (s,
4H, 2CH,), 8.21 (s, H, CHpyy). "°C NMR (CDC}) &: 14.20 (CHz), 18.92 CHapy), 22.76 CH,),
24.73 (CH3).C), 25.00 CHy), 29.19 (CHy), 29.33 (CH,), 29.41 (CHy), 29.53 (CH,), 29.68
(CH>), 31.98 (CH,), 34.12 CH,), 50.12 CH3N"), 57.76 CH,), 59.76 CH,), 62.72 CH,), 63.48
(CHp), 100.62 (CH3)2C), 117.10 Cpy), 129.02 Cpyr), 144.32 Cpy), 146.89 Cpy), 151.12
(Cpy), 172.89 €=0). ESI-HRMS m/z: 463.3538M-CI]" (calculated for [GH47/N.O4" -
463.3530).

4.1.3.23. 5-(Methylene(N,N-dimethyl-N-(2-myristoyl oxyethyl Jammonium))-2,2,8-trimethyl-4H-
[1,3] dioxino[ 4,5-c] pyridin chloride (9b)

The reaction was carried out following the generakcedure with compourteh (0.34 g,
1.3 mmol) NaHC@ (0.11 g, 1.3 mmol) and compouBd (0.38 g, 1.3 mmol). Yield 49% (0.33
g); beige solid; mp 126-129 °C (dedHd NMR (CDChk) &: 0.85 (t, 3, 33y = 6.4 Hz,
CH3C1oHgg), 1.221.28 (m, 201, 10CH), 1.50 (s, 61, (CH3).C), 1.521.56 (m, 2H, CH), 2.30 (t,
2H, 33y = 7.6 Hz,CH,C(O)), 2.41 (S, BI, CHapyy), 3.39 (S, BI, (CH3),N"), 4.28 (br s, B, CHy),
4.61 (br s, B, CHy), 5.17 (s, #, 2CH,), 8.23 (s, H, CHpy,). 1°C NMR (CDCE) 6: 14.22 (CHs),
19.00 CHapy), 22.77 CHp), 24.72 (CH3).C), 24.97 CHy), 29.19 CHy), 29.34 CH,), 29.44
(CHy), 29.55 CHy), 29.69 CHy), 29.73 (CH,), 29.76 CH,), 32.00 CHy), 34.10 CH,), 50.07
(CH3N"), 57.75 CHy), 59.67 CHy), 62.67 CHy), 63.45 CHy), 100.54 (CH3)2C), 117.00 Cpyy),
128.80 (py), 144.43 Cpy), 146.80 Cpy), 151.18 Cpy), 172.90 €=0). ESI-HRMS m/z:
491.3849 M-CI]" (calculated for [GoH5:N204]" - 491.3843).

4.1.3.24. 5-(Methylene(N,N-dimethyl-N-(2-pal mitoyl oxyethyl Jammonium))-2,2,8-trimethyl -4H-
[1,3] dioxino[ 4,5-c] pyridin chloride (9¢)

The reaction was carried out following the generakcedure with compourteh (0.32 g,
1.2 mmol), NaHC@(0.10 g, 1.4 mmol) and compouBd (0.40 g, 1.2 mmol). Yield 41% (0.28
g); white solid; mp 125-128 °C (dec)H NMR (CDCk) &: 0.87 (t, 3, 3y = 6.6 Hz,
CH3C14Hgg), 1.241.29 (m, 24, 12CH), 1.56 (s, 6, (CH3).C), 1.561.60 (m, H, CH>), 2.33 (t,
2H, 3\]HH =7.3 HZ,CHZC(O)), 2.52 (S, B, CH3pyr), 3.42 (S, 6, (CH3)2N+), 4.32 (br s, H, CHz),
4.63 (br s, P, CH,), 5.27 (s, ®, CH,), 5.28 (s, M, CHy), 8.39 (s, H, CHp,). °*C NMR
(CDCly) &: 14.27 (CHs), 17.70 CHapy), 22.83 CHy), 24.79 (CH3)2C), 25.10 CHy), 29.26
(CHy), 29.40 CHy), 29.50 CHy), 29.62 (CH,), 29.76 CHy), 29.80 CHy), 29.84 (CH,), 32.06
(CHy), 34.19 (CH,), 50.38 CH3N"), 57.77 (CH>), 59.96 (CH,), 63.11 (CH,), 63.17 (CH,),
101.47 (CHa3),C), 118.55 Cpyy), 131.88 Cpy), 141.74 Cpy), 147.90 Cpy), 149.68 Cpyy),
172.98 (C=0). ESI-HRMS m/z: 519.416M-CI]" (calculated for [GiHssN2O4]" - 519.4156).

4.1.3.25. 5-(Methylene(N,N-dimethyl-N-(3-lauroyl oxypropyl Jammonium))-2,2,8-trimethyl -4H-
[1,3] dioxino[ 4,5-c] pyridin chloride (9d)

The reaction was carried out following the generakcedure with compourteh (0.42 g,
1.6 mmol), NaHC®@(0.13 g, 1.6 mmol) and compouBd (0.46 g, 1.6 mmol). Yield 46% (0.38
g); beige solid; mp 159-160 °C (decH NMR (DMSO-&) &: 0.85 (t, 31, %4y = 6.7 Hz,
CH3C10Hz0), 1.231.28 (m, 16H, 8Ch), 1.501.56 (m, 2H, CH), 1.58 (s, #I, (CHs3).C), 2.10
2.17 (m, 2H, CHCH,CH,0), 2.32 (t, #, *Jyy = 7.5 Hz,CH,C(O)), 2.55 (s, BI, CHspyy), 3.09 (s,



6H, (CHs),N"), 3.533.57(m, 2H, CHy), 4.10 (t, 31, 3Jun = 5.9 Hz,CH>), 4.70 (s, PI, CH,), 5.15
(s, H, CHy), 8.47 (s, H, CHpy). °C NMR (DMSO-@) &: 14.00 CHs), 15.27 CHapy), 21.98
(CHp), 22.14 (CHCH,CH,0), 24.38 CH,), 24.57 (CHs)>C), 28.54 CHy), 28.76 CHy), 28.77
(CH>), 28.95 CH,), 29.04 (H,), 31.33 CHy), 33.40 (H,), 48.95 CHsN®), 59.10 (H,), 60.16
(CHy), 60.85 CHy), 61.63 CH,), 101.60 (CHz)-C), 121.13 Cpyy), 135.18 Cpyr), 138.21 Cpy),
145.44 Cpy), 147.77 Cpy), 172.93 €=0). ESI-HRMS m/z: 477.3695M-CI]" (calculated for
[CagHasN2O4]* - 477.3687).

4.1.3.26. 5-(Methylene(N,N-dimethyl-N-(3-myristoyl oxypropyl)ammonium))-2,2,8-trimethyl-4H-
[1,3] dioxino[ 4,5-c] pyridin chloride (9¢)

The reaction was carried out following the generakcedure with compourteha (0.34 g,
1.3 mmol), NaHC@(0.11 g, 1.3 mmol) and compouBd (0.41 g, 1.3 mmol). Yield 73% (0.52
g); beige solid; mp 148-150 °C (decH NMR (CDChk) &: 0.87 (t, 3, *Juu = 6.8 Hz,
CH3C12Hz4), 1.241.30 (s, 201, 1CEH2) 1.51 (s, 81, (CHs3),C), 1.541.57 (m, 2, CHy), 2.24 (br
s, H, CH@ZCHZO) 231 (t, M, *Jyu=7.6 Hz ,CH2C(0)), 2.41 (s, Bl, CHspy), 3.38 (s, @,
(CH3)2N"), 3.753.79 (m, H, CHy), 4.20 (t, H, ®Juy = 5.4 Hz,CHy), 5.02 (s, B, CHy), 5.17 (s,
2H, CHy), 8.16 (s, H, CHpy,). °C NMR (CDCk) &: 14.26 (CHas), 19.03 CHapy), 22.81 CHy),
22.95 (CHCH,CHy), 24.92 (CHs).C), 25.00 CHy), 29.27 CHy), 29.41 CH,), 29.48 CH)),
29.62 (CHy), 29.78 CH»), 32.04 CH,), 34.13 (CH>), 49.88 CH3N"), 59.70 CH>), 60.55 CH,),
61.14 CHy), 62.62 CHy), 100.61 (CH3)2C), 117.02 Cpyy), 128.87 Cpyr), 144.07 Cpyy), 146.90
(Cpy), 151.27 Cpy), 173.78 (C=0). ESI-HRMS m/z: 505.4005M-Cl]* (calculated for
[Ca0H53N204] " - 505.4000).

4.1.3.27. 5-(Methyl ene(N,N-di methyl-N-(3-pal mitoyl oxypropyl Jammonium))-2,2,8-trimethyl -4H-
[1,3] dioxino[ 4,5-c] pyridin chloride (9f)

The reaction was carried out following the generakcedure with compourteh (0.32 g,
1.2 mmol), NaHC®(0.12 g, 1.4 mmol) and compouBt(0.40 g, 1.2 mmol). Yield 40% (0.27
g); beige solid; mp 141-145 °C (dedHd NMR (CDChk) &: 0.87 (t, 3, 33wy = 6.6 Hz,
CHyC1dHzg), 1.21-1.31(m, 24, 12CHy), 1.52 (s, 6H, (CH)C), 1.52- 1.57 (m, M, CHy), 2.24
(br s, H, CH@ZCHZO) 231 (t, M, 3n=7.6 Hz ,CH>C(0)), 2.41 (s, B, CHgpyy, 3.38 (s,
6H, (CH3)2N ), 3.763.80 (m, H, CHy), 4.20 (t, A, 'JHH =5.3 Hz,CHy), 5.02 (s, H, CHy), 5.17
(s, 2, CHy), 8.15 (s, H, CHpy). *C NMR (CDCh) 6: 14.27 (CHa), 19.04 (CHzpy), 22.82
(CH3), 22.93 (CHCH,CH,0), 24.92 (CH3),C), 24.99 CHy), 29.28 CH,), 29.43 CHy), 29.49
(CHy), 29.64 CH,), 29.83 CH,), 32.05 CH>), 34.13 (CHy), 49.91 CH3N"), 59.64 (CH,), 60.58
(CHp), 61.16 (CHy), 62.65 CHy), 100.59 (CH3)2C), 117.01 Cpyr), 128.81 Cpyr), 144.09 Cpyy),
146.88 Cpy), 151.29 Cpyy), 173.81 €=0). ESI-HRMS m/z: 533.4318M-Cl]" (calculated for
[C3oHs7N04] " - 533.4313).

4.1.3.28. 5-(Methylene(N,N-dimethyl-N-(2-lauroyl oxyethyl)ammonium))-2-propyl-8-methyl-4H-
[1,3] dioxino[ 4,5-c] pyridin chloride (99)

The reaction was carried out following the gengralcedure with compourisb (0.44 g,
1.6 mmol), NaHC@(0.13 g, 1.4 mmol) and compouBd (0.44 g, 1.6 mmol). Yield 45% (0.37
g); beige solid; mp 123-125 °C (dedH NMR (CDCk) &: 0.84 (t, 3, 3 = 6.8 Hz,
CH3C14H2g), 0.95 (t, 31, *Jup = 7.4 Hz CH3CH2CH2CH) 1.221.27 (m, 161, 8CHy), 1.44-1.55
(m, 4, 2CHp), 1.741.78 (m, M, CHp), 2.28 (t, H, 33un = 7.6 Hz,CH,C(0)), 2.41 (s, B,
CH3Pyr) 3.36 (s, 8, CH3N "), 3.39 (s, B, CHsN"), 4.244.26 (m, H, CH,), 4 584.60 (m, A,
CH,N™), 5.10 (t, 1H, 3Jun = 5.1 Hz, CH3CH,CH,CH), 5.12, 5.43 (AB, 2H, 2Jun = -16.8 Hz,
CH,), 5.15, 5.22 (AB, 2H2Jun = -13.6 Hz, CH)), 8.24 (s, H, CHpy). "°C NMR (CDC}) &:
14.00 CH3CH,CHy), 14.19 (CHs), 16.89 CH3CH.CH,), 18.59 CHazpy), 22.74 (CHy), 24.69
(CHy), 29.17 CHy), 29.31 CHy), 29.40 CHy), 29.52 CHy), 29.66 CHy), 31.96 CH,), 34.07
(CH,), 36.28 CH3CH,CH,), 50.07 CH3N"), 50.18 CH3N"), 57.65 CH,), 62.67 CH,), 63.38
(CHp), 65.63 (CHp), 100.53 CH3;CH,CH,CH), 117.61 Cpy), 130.98 Cpy), 144.45 Cpy),



148.43 Cpyy), 150.36 Cpyy), 172.85 €=0). ESI-HRMS m/z: 477.3692M-CI]" (calculated for
[C2gHaoNoO4] " - 477.3687).

4.1.3.29. 5-(Methylene(N,N-dimethyl-N-(2-myristoyl oxyethyl)ammonium))-2-propyl-8-methyl -
4H-[1,3] dioxino[4,5-c] pyridin chloride (9h)

The reaction was carried out following the gengralcedure with compourisb (0.28 g,
1.0 mmol), NaHC@(0.08 g, 1.4 mmol) and compouBd (0.31 g, 1.0 mmol). Yield 39% (0.22
g); colorless oil'H NMR (CDCk) 8: 0.86 (t, 31, 3Jun = 6.7 Hz,CH3sC1oHos), 0.98 (t, 31, *Jun =
7.3 Hz,CH3CH,CH,), 1.23-1.30 (m, 28, 10CH,), 1.471.59 (m, 4, 2CH,), 1.781.82 (m, H,
CHy), 2.31 (t, H, *Juy = 7.5 Hz,CH,C(O)), 2.42 (s, BI, CHapy), 3.35 (br s, H, (CH3)N"), 4.25
(br s, 2, CHy), 4.61 (br s, H, CHy), 5.09-5.24 (m, 4, 2CH,+CH), 5.40-5.43 (m, H, CH),),
8.19 (s, H, CHpy). *C NMR (CDCk) &: 14.06 (CH3CH,CH), 14.25 (Hs), 16.97
(CH3CHCHy), 18.94 (CHspy), 22.82 (CHy), 24.76 (CHp), 29.23 (CHy), 29.37 CHy), 29.48
(CHyp), 29.59 (CHy), 29.73 CHy), 29.77 CHy), 32.04 CHy), 34.14 (CHy), 36.37 CH3CH,CH,),
50.18 CH3NY), 50.32 CH3N"), 57.73 CH,), 62.89 (CH,), 63.77 (CH,), 65.69 CH,), 100.56
(CH3CHCH2CH), 117.20 Cpy), 130.42 Cpy), 144.96 Cpy), 148.38 Cpyr), 150.94 Cpy),
172.92 C=0). ESI-HRMS m/z: 505.4008\-CI]* (calculated for [GoH53N204] " - 505.4000).

4.1.3.30. 5-(Methylene(N,N-dimethyl-N-(2-pal mitoyl oxyethyl)ammonium))-2-propyl-8-methyl -
4H-[1,3] dioxino[ 4,5-c] pyridin chloride (9i)

The reaction was carried out following the gengralcedure with compourisb (0.22 g,
0.8 mmol), NaHC® (0.07 g, 0.8 mmol) and compouBéd (0.26 g, 0.8 mmol). Yield 53% (0.24
g); beige solid; mp 122-127 °C (decH NMR (CDChk) &: 0.87 (t, 3, *Jun = 6.7 Hz,
CH3C14H2g), 0.98 (t, 3, *Jun = 7.4 Hz,CH3CH,CH,), 1.221.30 (m, 24, 12CH,), 1.561.60 (m,
4H, 2CHy), 1.791.84 (m, M, CHy), 2.32 (t, H, 3Jup = 7.4 Hz,CH,C(0)), 2.43 (s, BI, CHspy),
3.35 (s, 31, CH3N"), 3.38 (s, Bl, CH3N"), 4.27 (br s, H, CH,), 4.61 (br s, B, CHy), 5.03-5.19
(m, 4H, 2CH»+CH), 5.41-5.45 (m, H, CH,), 8.19 (s, H, CHpy,). **C NMR (CDC}) &: 14.07
(CH3CH2CHy), 14.27 (CHs), 16.98 CH3CH>CH,), 18.93 (CHpy), 22.83 (CHy), 24.77 (CHy),
29.24 (CHy), 29.38 (CHy), 29.50 CH>), 29.60 CHy), 29.75 CHy), 29.79 CHy), 29.83 (CHy),
32.06 (CH,), 34.16 CH»), 36.37 CH3CH,CH,), 50.20 CH3N"), 50.35 CH3N"), 57.69 CH»),
62.94 (CH,), 63.80 CH,), 65.71 (CHy), 100.61 CH3CH,CH,CH), 117.17 Cpyy), 130.52 Cpyy),
144.85 Cpyy), 148.44 Cpyy), 150.98 Cpy), 172.91 €=0). ESI-HRMS m/z: 533.4318-CI]*
(calculated for [GoHs7N204] - 533.4313).

41.3.31. 5-(Methylene(N,N-dimethyl-N-(3-1auroyl oxypropyl Jammonium))-2-propyl-8-methyl -
4H-[1,3] dioxino[ 4,5-c] pyridin chloride (9))

The reaction was carried out following the generakcedure with compourteb (0.39 g,
1.4 mmol), NaHC@(0.12 g, 1.4 mmol) and compouBd (0.40 g, 1.4 mmol). Yield 42% (0.31
g); colorless oil'H NMR (CDCk) 8: 0.85 (t, 31, Jun = 6.8 Hz,CH3sC14Hog), 0.97 (t, 3, 3Jun =
7.4 Hz,CH5CH,CH,CH), 1.231.29 (m, 161, 8CH,), 1.46-1.55 (m, 4, 2CH,), 1.74- 1.82 (m,
2H, CHy), 2.182.26 (m, 2H, CHCH,CH,0), 2.29 (t, M, 3J.y = 7.6 Hz,CH,C(O)), 2.44 (s, BI,
CHapy), 3.36 (s, BI, CHaN"), 3.40 (s, BI, CHsN"), 3.733.79 (m, H, CHy), 4.144.19 (m, 3,
CH.N"), 5.14, 5.46 (AB?Jyy = -16.8 Hz, 2H, Ch), 5.07, 5.12 (AB%Jy = -13.4 Hz, 2H, Ch),
5.12 (t, 1H,%J4 = 5.1 Hz,CH3CH,CH,CH), 8.25 (s, H, CHpy). *C NMR (CDCE) &: 14.03
(QH3CH2CH2), 14.23 CHg), 16.92 CH3QH20H2), 18.38 CH3Pyr)a 22.78 CHz), 22.94
(CH,CH,CH,0), 24.90 CHy), 29.25 (CHy), 29.40 CH,), 29.44 (CH,), 29.60 CH,), 29.72
(CH,), 32.00 CHy), 34.12 (CH,), 36.30 (CH), 49.85 CH3N"), 49.97 CHsN"), 60.52 CH,),
61.22 CHy), 62.41 (CH,), 65.64 CHy), 100.66 CH3CH,CH,CH), 117.97 Cpyy), 131.52 Cpyy),
143.74 Cpy), 148.64 (Cpy), 150.12 Cpyy), 173.80 €=0). ESI-HRMS m/z: 491.3849M-CI]"
(calculated for [GgHs:N2O4]" - 491.3843).



4.1.3.32. 5-(Methylene(N,N-dimethyl-N-(3-myristoyl oxypropyl)ammonium))-2-propyl-8-methyl -
4H-[1,3] dioxino[ 4,5-c] pyridin chloride (9k)

The reaction was carried out following the gengralcedure with compourisb (0.47 g,
1.7 mmol), NaHC®@(0.14 g, 1.7 mmol) and compouBd (0.52 g, 1.7 mmol). Yield 60% (0.55
g); beige solid; mp 150-153 °C (decH NMR (CDChk) &: 0.86 (t, 3, *Juu = 6.7 Hz,
CH3Ci2H24), 0.98 (t, 3, 33 = 7.4 Hz,CHsCH,CH,CH), 1.241.29 (m, 201, 10CH), 1.471.59
(m, 4, 2CH,), 1.771.83 (m, H, CHy), 2.23 (br s, B, CH,CH,CH,0), 2.30 (t, 2, ,%}y=7.6
Hz, CH,C(0)), 2.45 (s, B, CHgpy), 3.36 (s, BI, CH3N™), 3.40 (s, 8, CHsN"), 3.693.82 (m,
2H, CH,), 4.18 (br s, B, CH,), 5.05, 5.13 (AB, 2H%Juy = -12.9 Hz, CH), 5.11 (t, 1H 4y =
5.2 Hz,CH3CH,CH,CH), 5.13, 5.46 (AB, 2H%Jyy = -16.6 Hz, CH), 8.23 (s, H, CHpy). *°C
NMR (CDCh) &: 14.05 CH3CH,CHy), 14.25 (CHs), 16.95 CHaCH,CH,), 18.48 (CHzpyy), 22.81
(CHy), 22.98 CH,CH,CH,0), 24.93 CH;), 29.28 CHy), 29.42 (CH,), 29.48 (CH,), 29.64 (s
,CH,), 29.77 (CH,), 32.04 (CH,), 34.15 (CH,), 36.33 (CH), 49.90 CH3N"), 50.00 CH3N"),
60.53 CHy), 61.29 CH,), 62.54 CH,), 65.65 CH,), 100.68 CH3sCH,CH,CH), 117.85 Cpy),
131.36 Cpy), 143.89 Cpy), 148.63 Cpy), 150.30 Cpy), 173.83 C=0). ESI-HRMS m/z:
519.4162 M-CI]" (calculated for [GHssN2O4] " - 519.4156).

4.1.3.33. 5-(Methylene(N,N-dimethyl-N-(3-pal mitoyl oxypropyl)ammonium))-2-propyl-8-methyl -
4H-[1,3] dioxino[ 4,5-c] pyridin chloride (9l)

The reaction was carried out following the gengralcedure with compourisb (0.31 g,
1.1 mmol), NaHC@(0.09 g, 1.1 mmol) and compouBé (0.37 g, 1.1 mmol). Yield 48% (0.30
g); beige solid; mp 130 - 135 °C (de¢H NMR (CDChk) &: 0.86 (t, 3, 3Juu = 6.6 Hz,
C_H3C14H23), 0.98 (t, H, 3JH|-| =7.3 HZ,C_H3CH2CH2CH), 1.24-1.30 (br s, 24, lZJHz), 1.49-
1.57 (m, 4, 2CHp), 1.78- 1.83 (m, H, CHy), 2.18- 2.25 (m, 2, CH,CH,CH,0), 2.31 (t, &,
3‘J|-||-| =7.6 HZ,CHzC(O)), 2.42 (S, B, Cngyr), 3.35 (S, B, CH3N+), 3.39 (S, B, CH3N+), 3.72-
3.77 (m, ¥, CHy), 4.19 (br s, B, CHy), 4.99, 5.11 (AB, 2H%Ju = - 13.2 Hz, CH), 5.09 (t, 1H,
3Jun = 5.2 Hz,CH3CH,CH,CH), 5.10, 5.43 (AB, 2HJyn = - 16.1 Hz, CHj), 8.16 (s, H, CHpy).
%C NMR (CDCb) 6: 14.06 CH3CH,CH,), 14.26 (CH3), 16.98 CH3CH,CH,), 18.90 CHzpyy),
22.82 (CHy), 22.99 CH,CH,CH,0), 24.94 CH,), 29.29 (s CHy), 29.43 CHy), 29.49 CHy),
29.64 (CH»), 29.83 (CH,), 32.05 (CH»), 34.15 (CH,), 36.37 (CH), 49.90 CHsN"), 49.98
(CHsN"), 60.51 (CH,), 61.20 CH,), 62.73 (CH,), 65.64 (CH,), 100.58 (CHsCH,CH,CH),
117.33 Cpy),130.47 Cepy), 144.63 Cpyr), 148.39 Cpy), 150.86 Cpy), 173.82, C=0). ESI-
HRMS m/z: 547.4475NI-Cl]" (calculated for [GaHsoN204] " - 547.4469).

4.1.3.34. 5-(Methylene(N,N-dimethyl-N-(3-myristoyloxypropyl)Jammonium))-2-pentyl-8-methyl-
4H-[1,3] dioxino[ 4,5-c] pyridin chloride (9m)

The reaction was carried out following the gengralcedure with compourist (0.21 g,
0.7 mmol), NaHC® (0.06 g, 0.7 mmol) and compouBd (0.23 g, 0.7 mmol). Yield 70% (0.70
g); beige solid; mp 143-147 °C (detii NMR (CDCE) &: 0.85 (t, 3, 33y = 7.0 Hz,CHs), 0.89
(t, 3H, *Jyn = 7.4 Hz,CHs), 1.231.27 (m, 261, 10CH,), 1.301.33 (m, 4, 2CH,), 1.441.55 (m,
4H, 2CH,), 1.751.83 (m, M, CHy), 2.182.25 (m, 2H, CHCH,CHy), 2.29 (t, H, *J4n = 7.6 Hz,
CH2C(0)), 2.40 (s, Bl, CHgpy), 3.34 (s, B, CHN"), 3.38 (s, BI, CHsN™), 3.63- 3.79 (m, 2,
CH,), 4.17 (t, 2H,234y = 6.0 Hz, CH), 4,98, 5.07 (AB2Jyy = 13.6 Hz, 2H, Ch), 5.07, 5.40
(AB, 2Jun = 16.4 Hz, 2H, CH), 5.06 (t, 1HJuy = 5.1 Hz,CH3(CH,).CH), 8.16 (t, 1H Iy =
5.1 Hz, NH), 8.16 (s, H, CHp,). °C NMR (CDCk) &: 14.09 (CHs), 14.23 (CHs), 18.90
(CHzpy), 22.63 (CHy), 22.79 (CHCH,CH,0), 22.93 CHy), 23.24 (CHy), 24.90 CHy), 29.26
(CHy), 29.41 CH,), 29.46 CHy), 29.62 (CHy), 29.75 CH,), 29.77 CHy), 31.63 (CH,), 32.02
(CHy), 34.11 CHy), 34.29 (CH,), 49.86 CHaN"), 49.92 CH3N"), 60.52 CHy), 61.02 CHy),
62.60 (CH,), 65.57 CH,), 100.68 CH3(CH,)4CH), 117.35 Cpyy), 130.32 Cpyy), 144.72 Cpy),
148.28 Cpyy), 150.76 Cpyy), 173.79 C=0). ESI-HRMS m/z: 547.4475M-CI]* (calculated for
[CasHsoN204] " - 547.4469).



4.1.3.35. 5-(Methylene(N,N-dimethyl-N-(3-myristoyl oxypropyl Jammonium))-2-octyl-8-methyl -
4H-[1,3] dioxino[ 4,5-c] pyridin chloride (9n)

The reaction was carried out following the gengralcedure with compoursd (0.21 g,
0.6 mmol), NaHC® (0.21 g, 0.6 mmol) and compouBd (0.20 g, 0.6 mmol). Yield 73% (0.29
g); beige solid; mp 145 °C (dedH NMR (CDCL) &: 0.86 (t, 31, °Jun = 6.9 Hz,CHs3), 0.87 (t,
3H, Jun = 6.2 Hz,CHs), 1.231.35 (m, 301, 15CH,), 1.43-1.56 (m, 4, 2CH,), 1.741.85 (m,
2H, CHy), 2.2062.25 (m, 2H, CHCH,CH,0), 2.30 (t, ¥, 3Jyy = 7.6 Hz,CH,C(0)), 2.41 (s, B,
CHapy), 3.35 (s, B, CHN™), 3.39 (s, B, CHsN™), 3.653.81 (m, M, CHy), 4.18 (t, 2H I =
5.5 Hz, CH), 5.00, 5,09 (AB,%J4y = - 13.8 Hz, 2H, Ch), 5.06 (t, 1H,%J4y = 5.1 Hz,
CH3(CHy);CH), 5.08, 5.41 (AB2Jus = - 16.6 Hz, 2H, Ch), 8.16 (s, H, CHpy). °C NMR
(CDClg) 6: 14.24 CHs), 18.91 CHspy), 22.80 CHy), 22.95 (CHCH,CH;0), 23.59 CHy), 24.92
(CHy), 29.28 CHy), 29.36 (CH,), 29.42 (CHy), 29.48 CHy), 29.52 (CH,) 29.60 (CHy), 29.64
(CHy), 29.77 CHy), 29.79 CHy), 31.99 (CH,), 32.03 CHy), 34.12 CHy), 34.36 (CH,), 49.87
(CH3N"), 49.92 (CHsN"), 60.51 (H,), 61.06 (CH,), 62.64 (H,), 65.59 (H,), 100.72
(CH3(CHy);CH), 117.34 Cpy), 130.36 Cpyy), 144.68 Cpy), 148.31 Cpy), 150.78 Cpyy), 173.80
(C=0). ESI-HRMS m/z: 588.4942M-CI]* (calculated for [GsHesN3O4] " - 588.4939).

4.1.4. 5-Hydroxymethyl-6-chloromethyl-2,2,8-trimethyl-4H-[ 1,3] dioxino[ 4,5-c] pyridin (11)

Triphenylphosphine (1.21 g, 4.6 mmol) and NCS 10 4.6 mmol) were added
portionwise to a solution of compoud® (1.10 g, 4.6 mmol) in 50 ml of dichloromethaneerth
the reaction mixture was stirred at room tempeeatar 0.5 h., concentrated under vacuum and
purified by column chromatography [eluent petroleether/diethyl ether = 1:2]. Yield 54%
(0.64 g); white solid; mp 120-121 °¢4 NMR (CDCk) &: 1.54 (s, 6H, €Hs), 2.37 (s, B,
CHapy), 4.67 (s, B, CHy), 4.73 (s, B, CH,), 4.97 (s, B, CHy). “C NMR (CDC}) &: 18.38
(CHspyy), 24.85 (CHs)2C), 45.43 CH.CI), 57.83 CH.0), 58.94 CH;0O), 100.03 (CHs)-C),
127.41 Cpy), 128.29 Cpy), 144.51 Cpy), 146.63 Cpy), 147.50 Cpy). ESI-HRMS m/z:
258.0897 M+H]" (calculated for [@H17CINO3]" - 258.0891).

4.1.5. 5-Hydroxymethyl-6-chlor omethyl-2-propyl -8-methyl-4H-[ 1,3] dioxino[ 4,5-c] pyridin (14)

Triphenylphosphine (2.58 g, 9.9 mmol) and NCS 11§ 9.9 mmol) were added
portionwise to a solution of compoudd (2.50 g, 9.9 mmol) in 50 ml of dichloromethanegrth
the reaction mixture was stirred at room tempeeafar 0.5 h., concentrated under vacuum and
purified by column chromatography [eluent petroleether/diethyl ether = 1:2]. Yield 44%
(1.18 g); white solid; mp 115-116 °C (deéH NMR (CDCk) &: 1.01 (t, 3, 33y = 7.4 Hz,
CH3CH,CHy), 1.521.62 (m, 2H,CH3CH,CH,), 1.821.90 (m, 2H,CH3CH2CHy), 2.43 (s, B,
CHapy), 4.63, 4.71 (AB, 2H3Jy = -12.8 Hz,CHy), 4.77, 4.80 (AB, 2H?Juy = 11.6 Hz,CHy),
5.02 (t, 1H,%J4n = 5.2 Hz, CH3CH,CH,CH), 5.04, 5.09 (AB, 2H%Juy = 16.2 Hz,CH,). *C
NMR (CDCk) &: 14.03 (CH3CH,CHp), 17.06 (CHsCH,CH,), 18.11 (Hspy), 36.31
(CH3CH,CHy), 45.08 CH.CI), 57.98 CH,0), 64.62 CH,0), 100.08 CH3CH,CH,CH), 128.84
(Cpyp), 129.69 Cpyr), 144.91 Cpyr), 147.00 Cpy), 148.53 Cpy). ESI-HRMS m/z: 272.1053
[M+H]" (calculated for [GsH1oCINO3]" - 272.1048).

4.1.6.General procedure for preparation of quaternary ammonium salts 6a-u, 9a-n, 12a-d, 15a-
d.

Compoundsb,f, 8c,d (1 equiv) were added to a solution of compouhar 14 (1 equiv)
in 20 ml of ethanol. The reaction mixture was heaae 70°C for 8 h. and the solvent was
evaporated under reduced pressure. The productrecagstallized from acetone (compounds
12c, 12d, 15c, 15dor purified by column chromatography (compour&a, 12b, 15a, 15b0n
reversed-fase column (eluent isopropanol/watepmf®:100 to 100:0).

4.1.6.1. 5-Hydroxymethyl-6-(methylene(N,N-di methyl-N-(2-myristoylaminoethyl)ammonium))-
2,2,8-trimethyl-4H-[ 1,3] dioxino[ 4,5-c] pyridin chloride (12a)



The reaction was carried out following the generakcedure with compountil (0.20 g,
0.8 mmol) and compoungb (0.23 g, 0.8 mmol). Yield 42% (0.18 g); colorlesis 'H NMR
(CDC|3) o: 0.85 (t, 3, 3J|-||-| =7.0 HZ,C_H3C12H24), 1.20 1.29 (m, 20H, 10Cb‘], 1.52 (S, 61,
(CHs);C), 1.53-1.57 (m, 2H, Ch), 2.20 (t, 21, 3y = 7.6 Hz,CH,C(O)), 2.33 (s, BI, CHapy),
3.32 (s, 61, (CHs),N"), 3.783.82 (m, 21, CH,), 3.843.88 (m, 21, CH,), 4.63 (s, BI, CH,), 4.86
(s, H, CHy), 4.95 (s, B, CH,), 8.40 (t, 1H,* 34y = 5.0 Hz, NH).**C NMR (CDCE) &: 14.20
(CHs), 18.68 (CHapyy), 22.77 CHy), 24.85 (CH3)2C), 25.63 CHy), 29.44 (CHy), 29.49 (CH,),
29.55 CHy), 29.65 CHy), 29.75 CHy), 29.77 CHy), 32.00 (CH,), 34.28 (CH,), 36.38 CH,NH),
52.12 CHsN"), 55.83 CHy), 59.08 CHy), 64.49 CH,), 100.25 (CHz),C), 127.12 Cpyy), 132.12
(Cpyp), 136.92 Cpyy), 146.99 Cpyy), 147.47 Cpy), 174.84 C=0). ESI-HRMS m/z: 520.410M-
CI]” (calculated for [GgHs4N204]" - 520.4114). HPLC analysis: retention time 6.3 ;nmarity
98.2%.

4.1.6.2. 5-Hydroxymethyl-6-(methyl ene(N,N-dimethyl-N- (2-myristoyl oxyethyl Jammonium))-
2,2,8-trimethyl-4H-[ 1,3] dioxino[ 4,5-c] pyridin chloride (12b)

The reaction was carried out following the generakcedure with compountil (0.20 g,
0.8 mmol) and compoun8c (0.23 g, 0.8 mmol). Yield 40% (0.17 g); colorlesis *H NMR
(CDCl3) &: 0.85 (t, 3, ®Jun = 6.9 Hz,CH3C1,Hz4), 1.221.28 (m, 20H, 10CH, 1.52 (s, 8l
(CH3),C), 1.54-1.58 (m, 2H, CH, 2.30 (t, 2, 3Juy = 7.7 Hz,CH,C(O)), 2.32 (s, BI, CHapy),
3.41 (s, 61, (CH3):N"), 4.094.12 (m, M, CH,), 4.634.65 (m, 4, 2CH,), 4.63 (s, H, CH»),
4.94 (s, M, CH,), 4.97 (s, B, CHy), 5.82 (br s, 1HCH,0H). **C NMR (CDC}) &: 14.20 CHs),
18.67 CHapy), 22.76 CHy), 24.76 (CH3).C), 24.86 CH»), 29.19 CH,), 29.33 (CH,), 29.42
(CHy), 29.53 CHy), 29.68 CH,), 29.72 CH,), 29.75 CH,), 31.99 CH,), 34.14 CH,), 52.47
(CH3N"), 55.56 CHy), 58.03 (CH>), 59.15 CH,), 63.52 (CHy), 64.45 (CH>), 100.21 (CHs)2C),
127.21 Cpyr), 132.66 Cpy), 137.08 Cpy), 146.95 Cpyr), 147.22 Cpy), 173.00 C=0). ESI-
HRMS m/z: 521.3954NI-Cl]" (calculated for [GoHsaN2Os] " - 521.3949).

4.1.6.3. 5-Hydroxymethyl-6-(methyl ene(N,N-dimethyl-N-(3-myristoylaminopropyl)ammonium))-
2,2,8-trimethyl-4H-[ 1,3] dioxino[ 4,5-c] pyridin chloride (12c)

The reaction was carried out following the generakcedure with compounti (0.20 g,
0.8 mmol) and compoungf (0.24 g, 0.8 mmol). Yield 56% (0.24 g); white siplmp 135 °C
(dec).*H NMR (CDCH) &: 0.83 (t, 31, *Juy = 7.1 Hz,CHsC1oHos), 1.19-1.26 (s, 20H, 10GH
1.51 (s, 61, (CH3)C), 1.53-1.58 (m, 2H, C}), 2.09-2.16 (m, 2H, CK¥CH,CH,NH), 2.21 (t, H,
3Jun = 7.0 Hz,CH,CO), 2.33 (s, BI, CHspy), 3.24 (s, B, (CH3),N"), 3.293.34 (m, 21, CH,),
3.783.82 (m, 21, CH,), 4.60 (s, H, CHy), 4.74 (s, ¥, CH,), 4.95 (s, B, CHp), 7.96 (t, 1H,
3Jun = 5.5 Hz, NH), 5.84 (br s, 1H{H,OH). **C NMR (CDCE) &: 14.16 (CHs), 18.62 CHapyy),
22.72 (CHy), 23.07 (CHCH,CH,NH), 24.82 (CH3),C), 25.89 CH,), 29.40 CH,), 29.50 CHy),
29.59 (CHy), 29.66 (CH,), 29.70 CH,), 29.74 CH,), 31.96 CH,), 36.24 CH,), 36.41 CHy,),
51.46 CHsN"), 55.64 CH,), 59.08 CHy), 64.09 CH,), 64.38 CH,), 100.25 (CHs).C), 127.05
(Cpyp), 132.40 Cpyr), 136.93 Cpyr), 147.01 Cpyy), 147.40 Cpyy), 174.65 C=0). ESI-HRMS m/z:
534.4271 M-CI]" (calculated for [GiHseN3O4] " - 534.4265).

4.1.6.4. 5-Hydroxymethyl-6-(methyl ene(N,N-dimethyl -N- (3-myristoyl oxypropyl )ammonium))-
2,2,8-trimethyl-4H-[ 1,3] dioxino[ 4,5-c] pyridin chloride (12d)

The reaction was carried out following the generakcedure with compountil (0.25 g,
1.0 mmol) and compoungd (0.30 g, 1.0 mmol). Yield 41% (0.23 g); white siplmp 117120
°C (dec).'H NMR (CDCk) &: 0.83 (t, 31, °Juy = 6.9 Hz, CH5C1oHz4), 1.221.26 (m, 20H,
10CH,), 1.51 (s, 8I, (CH3),C), 1.52-1.56 (m, 2H, C§), 2.252.30 (m, H, 2CH,), 2.32 (s, 8,
CHapyy), 3.36 (S, 8I, (CH3)2N"), 3.75 (br s, B, CHy), 4.17 (br s, B, CHy), 4.63 (br s, B, CHp),
4.86 (br s, B, CHy), 4.96 (s, B, CHy), 5.90 (br s, 1HCH,OH). **C NMR (CDCb) &: 14.15
(CHs), 18.64 CHaspyy, 22.71 CHy), 22.87 (CHCH,CH,0), 24.82 (CH3).C), 24.88 CHy), 29.20
(CHy), 29.33 (CH,), 29.38 CHy), 29.52 CHy), 29.68 CHy), 29.71 CHy), 31.94 (CH,), 34.12



(CHy), 51.91 CHsN"), 55.44 CH,), 59.14 (CH.), 60.85 (Hy), 62.55 CH,), 62.96 (H,),
100.16 (CHs):C), 127.11 Cpy), 132.72 Cpy), 137.16 Cpy), 146.89 Cpy), 147.06 Cpy),
173.64 (=0). ESI-HRMS m/z: 535.4108-Cl]* (calculated for [GoHsaN,Os] " - 535.4111).

4.1.6.5. 5-Hydroxymethyl-6-(methyl ene(N,N-dimethyl-N-(2-myristoylaminoethyl Jammonium))-2-
propyl-8-methyl-4H-[ 1,3] dioxino[ 4,5-c] pyridin chloride (15a)

The reaction was carried out following the generakcedure with compount3 (0.15 g,
0.6 mmol) and compoungb (0.16 g, 0.6 mmol). Yield 44% (0.14 g); colorlesis 'H NMR
(CDCl) &: 0.86 (t, 3, *Jun = 6.8 Hz,CH3C14Hzg), 0.99 (t, 31, 3Juy = 7.4 Hz,CH3CH,CH,CH),
1.22-1.29 (m, 201, 10CH,), 1.49-1.59 (m, 4, 2CH,), 1.771.90 (m, H, CH,), 2.21 (t, H, *Jun
= 7.6 Hz,CH,C(0)), 2.35 (s, 3, CH3P§V)’ 3.33 (s, 61, (CHs)2N"), 3.783.81 (m, H, CH,), 3.85-
3.88 (m, 21, CHoN"), 4.57, 4.64 (AB?Juy = -13.2 Hz, 2H, Ch), 4.86, 4.91 (AB?Jyy = -14.0
Hz, 2H, CH), 4.98 (t, 1HJun = 5.1 Hz,CH3CH,CH,CH), 5.02 (s, BI, CH,), 8.45 (t, 1HJuy =
4.8 Hz, NH).**C NMR (CDCE) &: 14.00 CH3CH,CH,), 14.24 (CHs), 17.00 CH3CH,CHoNH),
18.65 CHapyy), 22.80 CHy), 25.64 CHy), 29.48 CHy), 29.51 CHy), 29.57 CHy), 29.67 CHy),
29.78 (CHy), 29.80 CHy), 32.02 CH,), 34.34 CHy), 36.24 CH3CH,CH,), 36.41 CHy), 52.22
(CHsN"), 52.33 (CH3NY), 55.72 (CH,), 64.29 (H,), 64.54 (CH,), 64.73 (H,), 99.98
(CH3CH2CH2CH), 128.79 Cpy), 132.40 Cpy), 137.66 Cpy), 147.14 Cpy), 148.64 Cpy),
174.86 C=0). ESI-HRMS m/z: 534.427M-CI]" (calculated for [GiH56N304] " - 534.4265).

4.1.6.6. 5-Hydroxymethyl-6-(methylene(N,N-di methyl-N-(2-myristoyl oxyethyl Jammonium))-2-
propyl-8-methyl-4H-[ 1,3] dioxino[ 4,5-c] pyridin chloride (15b)

The reaction was carried out following the generakcedure with compount3 (0.19 g,
0.6 mmol) and compoun8c (0.21 g, 0.6 mmol). Yield 48% (0.19 g); colorlesis 'H NMR
(CDCl) &: 0.85 (t, 3, *Jun = 6.7 Hz,CH3C14Hzg), 0.98 (t, 31, 3Juy = 7.4 Hz,CH3CH,CH,CH),
1.191.28 (m, 201, 10CH,), 1.49-1.58 (m, ¥, 2CH,), 1.781.87 (m, A, CHy), 2.30 (t, H, I
= 7.6 Hz,CH,C(0)), 2.34 (s, BI, CHgpyy), 3.41 (s, 6, 2CHN"), 4.10 (br s, B, CHy), 4.59, 4.68
(AB, 2H, %3y = -13.2 Hz, CH), 4.65 (br s, B, CHy), 4.95 (s, I, CHy), 4.99 (t, 1H3J}w=5.1
Hz, CHsCH,CH,CH), 5.04 (s, B, CH,). **C NMR (CDCk) &: 13.99 (CHsCH,CH,), 14.23
(CH3), 16.99 CH3CH>CH,), 18.62 CHazpy), 22.79 CHp), 24.76 (CHy), 29.21 CHp), 29.35
(CHyp), 29.45 CHy), 29.55 CHy), 29.70 CH,), 29.74 CHy), 29.77 CHy), 32.01 CHy), 34.14
(CHy), 36.23 (CHsCH.CH,), 52.47 (CH3N"), 55.50 CH,), 58.00 (CH,), 63.53 (CH,), 64.34
(CHy), 64.80 CHy), 99.95 CH3CH2CH,CH), 128.97 Cpyr), 133.03 Cpyy), 137.69 Cpyr), 146.94
(Cpyn), 148.67 Cpy), 173.01 (C=0). ESI-HRMS m/z: 535.4111M-ClI]* (calculated for
[C31HssN204] " - 535.4105).

4.1.6.7. 5-Hydroxymethyl-6-(methylene(N,N-dimethyl-N-(3-myristoylaminopropyl)ammonium))-
2-propyl-8-methyl-4H-[ 1,3] dioxino[ 4,5-c] pyridin chloride (15c¢)

The reaction was carried out following the generakcedure with compount3 (0.15 g,
0.6 mmol) and compoungf (0.17 g, 0.6 mmol). Yield 83% (0.27 g); white splmp 150°C
(dec).'H NMR (CDCh) &: 0.84 (t, 3, *Jun = 7.0 Hz,CH3C14Hog), 0.97 (t, 31, 33y = 7.4 Hz,
CH5CH,CH,CH), 1.191.28 (m, 201, 10CH,), 1.48-1.57 (m, H, 2CH,), 1.791.85 (m, &,
CHy), 2.162.17 (m, 2H, CRHCH,CH,NH), 2.22 (t, H, 3J4 = 7.6 Hz,CH,C(O)), 2.36 (s, B,
CHzpy), 3.23 (s, BI, CHsN™), 3.25 (s, BI, CHN™), 3.31- 3.35 (m, H, CHy), 3.78- 3.82 (m, &,
CH,), 4.56, 4.62 (AB, 2H°Juy = - 13.2 Hz, CH), 4.74, 4.77 (AB, 2H?Jy = -13.6 Hz, CH),
4.98 (t, 1H,33uy = 5.1 Hz,CH3sCH.CH,CH), 5.02 (s,M, CH,), 7.93 (t, 1H2J4n = 5.6 Hz, NH).
3C NMR (CDCE) &: 13.95 CH3;CH.CH,), 14.18 (Hs), 16.96 (CH3CH,CH,NH), 18.50
(CHzpy), 22.75 (CHy), 23.10 (CHCH,CHy), 25.91 (CHy), 29.43 CHy), 29.53 CHy), 29.62
(CHy), 29.65 (CH,), 29.69 CHy), 29.74 (CH,), 29.78 CH,), 31.99 CHy), 36.21 (CH), 36.44
(CH,), 51.47 (CHsN"), 55.70 (H,), 64.08 (H,), 64.43 (H,), 64.75 (H,), 100.03
(CH3CH,CH,CH), 129.00 Cpy), 132.80 Cpy), 137.46 Cpy), 147.11 Cpy), 148.77 Cpy),
174.69 C=0). ESI-HRMS m/z: 548.442M-CI]" (calculated for [GHssN3O4]" - 548.4422).



4.1.6.8. 5-Hydroxymethyl-6-(methylene(N,N-dimethyl-N-(3-myristoyl oxypropyl Jammonium))-2-
propyl-8-methyl-4H-[ 1,3] dioxino[ 4,5-c] pyridin chloride (15d)

The reaction was carried out following the generakcedure with compount (0.19 g,
0.7 mmol) and compoungd (0.22 g, 0.7 mmol). Yield 66% (0.27 g); white splimp 142145
°C (dec).*H NMR (CDCH) &: 0.85 (t, 3, Iy = 6.8 Hz,CH3C14Hzg), 0.98 (t, 31, %3y = 7.4 Hz,
CH3CH,CH,CH), 1.231.29 (m, 261, 10CH,), 1.49-1.59 (m, H, 2CH,), 1.771.86 (m, H,
CHp), 2.252.23 (m, 41, 2CHy), 2.35 (s, Bl, CHapy), 3.37 (s, 61, 2CHN"), 3.733.77 (m, 21,
CH,), 4.20 (t, H, 3Juy = 6.0 Hz,CH,), 4.60, 4.68 (AB, 2H%Jyy = - 13.2 Hz, CH), 4.88 (s, H,
CHy), 4.99 (t, 1HJuy = 5.2 Hz,CH3CH,CH,CH), 5.04 (s, B, CHy), 5.93 (br s, B, CH,OH).
¥C NMR (CDCb) &: 13.96 CH3CH,CH,), 14.19 (Has), 16.97 CH3CH,CH,), 18.46 (CHzpyy,
22.75 (CHy), 22.91 (CHCH,CH,), 24.92 CHy), 29.24 CHy), 29.37 CH,), 29.42 CH,), 29.57
(CHy), 29.72 (CH,), 31.98 (CH,), 34.15 (CH,), 36.22 (CHCH,CH,), 51.92 CH3N"), 55.47
(CHy), 60.83 CHy), 62.69 CH,), 62.84 CH,), 64.83 CH,), 100.10 CH3sCH,CH,CH), 129.08
(Cpy), 133.22 Cpyy), 137.64 Cpy), 146.75 Cpyy), 148.72 Cpyy), 173.68 (=0). ESI-HRMS m/z:
549.4267 M-CI]" (calculated for [GHs7:N-Os]* - 549.4262).

4.2. Antibacterial activity

The antibacterial activity of all obtained composas carried out againts the following
Gram-positive bacteria: methicillin sensiti&@aphylococcus aureus ATCC®29213 (MSSA),
Micrococcus luteus (clinical isolate), Bacillus subtilis 168 and Gram-negative bacteria:
Pseudomonas aeruginosa (ATCC), Escherichia coli (MG1655)d. Additionally antimicrobial
susceptibility of compound€b, 6f, 6i, 6j, 9b, 9h, 9j, 12a, 12kwvere tested on a number of
various clinical isolates of methicillin-resistasaphylococcus aureus and Staphylococcus
intermedius, Enterococcus faecalis, Acinetobacter species, Pseudomonas species, Klebsiella
species, Proteus species, E. coli., Serratia marcescens and Serratia ureilytica, which were
obtained from bacteriology laboratory of Rebublim€al Hospital (Kazan, Russia)

The bacterial strains were stored in 10% (V/V) ghyd stocks at -80 °C and freshly
streaked on full Muller-Hinton (MH) agar plates @8ia aldrich) and grown overnight at 37 °C
before use. Fresh colony was grown overnight in Mbth and then used to adjust an optical
density of 0.5 McFarland (equivalent to®If@lls/mL) in 0.9% NaCl solution that was used as a
working suspensiorSalmonella typhimurium TA1535/pSK1002 was used for SOS-chromotest.
S typhimurium TA1535, TA1537, TA98, TA100, TA102 were used in Agrtest. Bacteria were
maintained and grown on the LB medium containingiaitin at final concentration of 100
pg/mL. For the biofilm assay the previously develd@BM broth (glucose 5 g, peptone 7g,
MgSOyx 7H,O 2.0 g and Cagk 2H,0O 0.05 g in 1.0 liter tap water) where all straioemed
rigid biofilms in 2 days was used. For different@FUs count ofE.coli, P.aeruginos and
Saureus, the Endo-agar (Sigma aldrich), Cetrimide agagrti aldrich) and Salt-mannitol agar
(peptones 10g, meat extract 1 g, NaCl 75 g, D-ntah@D g, agar-agar 12 g in 1.0 liter tap
water) were used, respectively.

The MIC of compounds was determined by the brothradiilution method in 96-well
microtiter plates (Eppendorf) according to the EW8JArules for antimicrobial susceptibility
testing [30]. The bacterial culture adjusted tox@@ cells/mL in the MH broth was seeded into
96-well polystyrol culture plates (Eppendorf). Thencentrations of substances to be tested
ranged from 0.25 to 64 pg/ml for. ATCC and 0.0B4opg/ml for clinical isolate. The minimal
inhibitory concentration was determined as the Etve®ncentration of compound for which no
visible bacterial growth could be observed afteh2sf incubation.

To determine a minimum bactericidal concentrat@rgulture liquid from wells without
visible growth was diluted a thousand-fold into n@@+well microtiter plates in fresh MH-broth
and incubated for 24 h growth at 35 °C. MBC wasuasx] at concentrations, where no viable
planktonic cells were observed.



4.3 Cytotoxicity

The cytotoxicity of compound8b, 6f, 6i, 6], 9b, 9h, 9j, 12a, 12bwas evaluated on HEK
293 (human embryonic kidney), MSK (human mesenchystem cells) and HSF (primary
human skin fibroblasts) by MTT assay. Cells wenéured in a-MEM supplemented with 10%
fetal bovine serum, 2 mM L-glutamine, 1Q§/mL penicillin and 10Qug/mL streptomycin. Cells
were seeded in 96-well plates at the density o@D cells per well and grown overnight at 37
°C and 5% C@ in humidified atmosphere. Then the medium was gednto the fresh one
containing compounds to be tested in concentratfdh 2-100ug/mL. After 72 h of cultivation
the cultural fluid was discarded and MTT solutiomQulbecco's phosphate-buffered saline) was
added to the fresh media until final concentraté®.5 mg/mL. In 2 h. the liquid was replaced
by dimethyl sulfoxide (Sigma-Aldrich, St.Louis, MQp dissolve formazan crystals, and
absorption was measured on Tecan Infinite 200PEb&tnm with reference 700 nm. Based on
data obtained, the CC50 values (concentrationsedsitrg the proliferative activity by 2-fold)
were calculated.

4.4. Genotoxicity

A SOS-chromotest was performed by using tH&almonella typhimurium
TA1535/pSK1002 as described by [31]. THegalactosidase activity (Qfgy) was measured as
described in [32] with modifications [33] and noidimad by the growth factor (Oday). The
induction ratio (IR) of SOS-response was calculaasdthe ratio of activity in presence of
compounds and the solvent control. Mitomycin C ¢Inpl) was used as positive control.

The Ames test was carried out usBidyphimurium TA98, TA100, TA102, TA1535, and
TA1537 strains was performed as described in [3)le to compounds toxicity td&.
typhimurium, the spot test modification has been applied.tkat, 5ul of sample (10 mg/mL
solution in water) was dropped onto 5-mm filterkdidaced on the top agar surface (see Fig S).
The amount of revertants was then calculated bygusiie in-house developed software [35].
The tested compound was considered to be mutafehe&count of revertants in the experiment
was more than 2 times higher than that in the mnegabntrol (DMSO) and increased at higher
concentrations of compound [35].

4.5. In vivo toxicity

Male and female FTC57BL/6*CBA mice (weighing 18-22 g) for acute orakicity study
were purchased from the Federal Research Centigtiutasof Cytology and Genetics, Siberian
Branch of the Russian Academy of Sciences. CD-Jafemice, weighing about 34.30 + 3.20 g
between 2 and 3 months of age obtained from NurBaryaboratory animals "Pushchino”,
Russia were usedy for acute cutaneous toxicityystddl animals acclimatized for 2 weeks
before the experiment. Animals were kept in pabygylene cages (6 animals per cage),
maintained under standard conditions (12 h light @8 h dark cycle; 22 +3 °C and 30-70%
relative humidity). They were given standard petlett and wateid libitum throughout the
course of the study. Randomly, they were assignedgroups comprising 6 animals per group.
Prior to treatment, animals were weighed, markedmals were observed two times once daily.
All surviving animals were euthanized with €@halation at the end of the study on day 14, and
their vital organs were individually observed fareat pathology by necropsy. All experimental
procedures were performed in accordance with tiec&lt Principles in Animal Research and
were approved by the Local Ethics Committee ofikhean Federal University.

A solutions of compound6i and 12a were prepared by dissolving 1.2 g of substances by
water in 10 ml volumetric flask. A solution obrmpounds at a concentration of 120 mg/ml
made it possible to inject a dose of 2000 mg/kg wolume of 0.5 ml per mouse weighing 30 g.



For acute oral toxicity study prior to treatmemjmaals were fasted for 3 h with free
access to water. Compoungisand12awere dissolved in distilled water and administeiethe
mice by oral gavage at dose 2000 mg/kg body weight.

For acute toxicity evaluation of compoun@s and 12a after a single cutaneous
administration dorsal sites of the animals wer@vel(not less than 10% of the body surface)
24 hours before the study. Since the permeabifitganaged and intact skin is different, skin
damage is not allowedMice (6 per group) received 2500 mg/kg of comp@sicand12aas a
suspension in distilled water. Compounds were agpln selected area with porous gauze
dressing and fixed with tape for 24 h. Animals weeged individually. An equal number of
mice)served as a control group, and the contrahals received an equal volume of distilled
water. Dosage precision was regulated by the Variatdume of the drug solution administered
(normalized to the animal's body weight) at a camistoncentration of the solution. At the end
of the exposure period, residual test substances n@enoved by water.

Clinical signs related with a drug-toxicity and tbleanges in the general behaviors of
the animals were monitored and recorded every dr hihie first 6 h after treatment, and then
once daily over 14 days. Attention was given tongjes in skin, fur, mucous membrane, eyes,
respiration, behavior patterns, body weight, foodl avater consumption. Individual body
weights were checked immediately before drug treatnand then at day 1, 3, 7, and 14
thereatfter.

4.6. Influence of pyridoxine-based QACS on biofilm-embedded cells

To determine the minimal biofilm eradicating concaions (MBECSs) of compounds
and12a bacterial cells were grown in 24-well polystyonilture plates (Eppendorf) in BM broth
for 48 h until a mature biofilm had been formedefhhe broth was exchanged with the fresh
one. Antimicrobials were added into wells in cortcations from 8 to 512 pg/mL. After 24 h
incubation at 37 °C the number of CFUs was coubtedsing the drop plate assay. MBEg
was defined as the reduction of viable cells byd®es of magnitude.

4.7 Testing of the resistance devel opment

The development of bacterial resistance was tdsfaasing serial passages approach as
described in [36] with modifications [37]. Brieflysterile 96-well plates were seeded with
bacterial cells at different concentrations of st ®ompound in a liquid medium (similar to the
MIC definition as described above). Plates wereulbated for 24 hours at 37 °C, then
microorganisms from the last well with a visibleogth (i.e. with sub-lethal concentration of a
compound) were resuspended in fresh broth and asedoculum for next seeding into liquid
medium with range concentrations of antimicrobiie procedure was repeated to obtain 14
cycles of passages and MICs of compounds werendieted after each passage. Then a series of
7 passages from the last well with a visible growthantimicrobial-free agar was done and
MICs were again determined.

4.8. Membrane potential evaluation

Membrane potential was evaluated by detection 8fdethyloxacarbocyanine iodide
(DioCy(3)) fluorescence as previously described [38, B8Efly, bacteria were grown for 24 h,
harvested and washed with PBS. Cells were resuspemdtil final density of 1-9xf0CFU/mI
in PBS supplemented with Dig@) until final concentration of 10 uM. After 30 mi
preincubation at 25 °C, compounds to be tested wedded at concentrations corresponding to
their respective 1xMIC and 1-4xMBCs and the fluoesse was measured for 35 min with 5-
minute interval by using carboxyfluorescein (FAMMeir-set detection (The excitation and



emission wavelengths are 497 and 520 nm, respggtivEhe fluorescence in samples with
untreated cells was considered as a baseline.

4.9. Satistics and data analysis

All experiments were performed in biological trgdies (i.e. newly prepared cultures and
medium) with three repeats in each run. The date wealyzed and graphically visualized using
GraphPad Prism version 6.00 for Windows [40] (GRaguh Software, USA,
www.graphpad.com)Comparison against negative control using the naarpatric Kruskal—
Walllis one-way analysis of variance test has bemmiopmed in each experiment. Significant
differences against respective controls were censtl at p < 0.05 and specified in the
corresponding figure captions.
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Highlights

e Design and synthesis of novel “soft antimicrobials” based on quaternary
ammonium pyridoxine derivatives.

e The compounds exhibited in vitro promising antibacterial activity against
Gram-positive and Gram-negative bacterial strains.

e Lead compounds 6i and 12a exhibited promising antibacterial activity on
clinical isolates, mono- and dual species bacterial biofilms.

e Lead compounds 6i and 12a were non mutagenic neither in SOS-
chromotest nor in Ames test and non-toxic in vivo at acute oral (LDsy >
2000 mg/kg) and cutaneous administration (LDso >2500 mg/kg) on mice
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