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Abstract:

Described herein are lipophosphonoxins of general formula |, diastereomers and mixtures of
diastereomers of compounds of general formula | and their pharmaceutically acceptable salts and
hydrates as antibacterial agents, forming an active ingredient in pharmaceutical compositions for the
treatment of resistant bacterial infections, disinfectants and/or selective culture media.
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Lipophosphonoxins, their preparation and use

Field of Art

The inventicn relates to novel substances with antibacterial effects and their use in vitre and in vive,

Background Art
The number of bacteria that are becoming resistant to conventional antibacterial drugs is growing, and

therefore new drugs are needed to treat diseases caused by these resistant bacteria (Davies D., Davies
J., Microbiol. Mol. Biol. Rev. 2010, 74(3), 417, Kessclheim A, S., Outterson K., Health A" 2010, 29,
1689).

First-gencration lipophosphonoxins with activity against gram-positive bacteria have been recently
described (J. Med Chem. 2011, 54(22), 7834-7898, CZ patent 303569, patent EP 2527351).
Furthermore, the mechanism of their action, consisting of the selective dismption of the bacterial
membrane, has also been described (PL0S One 2015, 10(12), e0145918). This was followed by second-
gencration lipophosphonoxins (J. Med. Chem. 2017, 60(14).6098-6118, CZ 308344, EP 3448865, AU
2017257061, CA3021537).

Lipophosphonoxins (LPPOs) are bactericidal substances with rapad kinetics, and they are not genotoxic.
The maximum tolerated dose (MTD) in mice when administered orally is very high (> 2000 mg/kg) and
the bacteria are unable to develop resistance. Lipophosphonoxins are chemically stable over a wide pH
range and do not pass through the monolayer of CACO-2 cclls, which means that they are unlikely to
be absorbed when administered orally.

LPPOs belong to a growing family of antibacterial peptidomimetics, such as cationic steroid antibiotics
(Fems Microbiol Lett. 2002, 217(1):1-7; Bba-Biomembranes 2007, 1768(10), 2500-2509; J Med.
Chem. 2002 45(3), 663—669), lipophilic derivatives of norspermidine (J. Med, Chem. 2014, 57(22),
9409-9423), arylamide foldamers {(Antimicrob Agents Ch. 2011, 55(11), 5043-5053; Angew. Chem. Int.
Edit. 2004, 43(9), 1158-1162) or the promising synthetic bactericidal antimicrobial peptide LTX -109
(Angew Chem Int Edit 43:1158-62_ Antimicrob Agents Ch 55:5043-53), which degrades the membranes
of harmful microorganisms. Although these compounds are structurally heterogeneous, they are all
amphiphilic molecules containing a lipophilic moiety and a hydrophilic moiety, usually carrying a
positive charge. Lipophosphonoxins also share this structural motif, however, the main advantage of
lipophosphonoxins lies in their modular stmcture, enabling the systematic tuning of their biological
properties.

Disclosure of the Invention
This invention describes novel lipophosphonoxins of the general formmula I which have strong

antibacterial effects against gram-positive and gram-negative bacteria. The advantage of these
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compounds is, in addition to easy preparation, also the large degree of modularity of their structure,

which enables additional adaptation of their biological properties.

The invention thercfore relates to lipophosphonoxins of the general formula

0
X\P//—O
\
Y—0 z
J
N\
O==p—X
5 Yz Q 1))

wherein

the X substituent is independently sclected from the following stmictures:
I
NH,
7; HaN NH
N ] N I\'I‘
S - S
N HN
NH,
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-
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HN

wherein m = 1-3;
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the Y substituent is independently selected from the following structures:

CH2+CH3 “3'3“[_\]. H‘* ]"
n n n f ]n
Hz
< CH;
R, R ‘
R4 1 2 o
CHz
Rz CHy——CH,
b[\ 4@ Ra p
R
n 2 n

Rs N Ry
Ra

wherein n = 0-12, and 0 = 0-12, and p =0-12, and

wherein Ry, Ry, R3, Ry, and Rs are independently selected from the group consisting of: H-, CHs-,
5 CH>CH;, propyl, isopropyl, isobutyl, fert-butyl, CH;O0-, CH,CH:0-, propoxy, isopropoxy, isobutyloxy

or fert-butyloxy;

and

the Z substituent is independently selected from the following structures:

——oct+— 14

X 19 | I Is

10 wherein q = 2-14, and r = 0-10, and s = 0-10;

and diastereomers and mixtures of diastereomers of the compounds of formula 1 and their

pharmaceutically acceptable salts and hydrates.

15  Preferably, the Y substituent is selected from:

n n n |

Ry y
2
Ry |_C—1CHs
i o
Rs CH;
n n

CA 03158242 2022-5-12



10

15

20

25

WO 2021/115503 PCT/CZ2020/050095
4

wherein n, o, p, Ri, Rz, R3 are as described herein. Preferably, Ry, Rz, R3 are H or methyl.
Preferably, the X substituent is selected from:

g P

i

L b
;j’ ! §'ﬂ ol 11]@

wherein m 1s 1-3.

b

k7

Preferably, 7 is

Fof-

wherein q is 4 to 14,

Said salis include salts with inorganic or organic anions and in particular, but not exclusively,
pharmaceutically acceptable salts suitable for physiological administration.

Pharmaceutically acceptable salts may be salts derived from inorganic or organic acids. A person skilled
in the art will be able to determine which salts are pharmaceutically acceptable; in particular, they are
salts with one or more desirable physical properties such as increased pharmaceutical stability at various

temperatures and humidities, the desired solubility in water or oil, or are non-toxic.

Suitable phamaceutically acceptable salts of the compounds of this invention preferably include anions
derived from inorganic acids such as hydrochloric, hydrobromic, hydrofluoric, boric, fluoroboric,
phosphoric, metaphosphoric, nitric, carbonic, sulfuric and sulfurous acids and from organic acids such
as acetic acid, benzenesulfonic, benzoic, citric, ethanesulfonic, fumaric, gluconic, glycolic, isethionic,
lactic, lactobionmic, maleic, malomic, methanesulfonic, trifluoromethanesulfonic, succimc,
toluencsulfonic, tartaric and trifluoroacetic acids. Suitable organic acids generally include, for example,
the following classes of organic acids: aliphatic, cycloaliphatic, aromatic, arylaliphatic, heterocyclic,
carboxylic and sulfonic acids.

Specific examples of suitable organic acids include acetate, trifluoroacetate, formate, propionate,
succinate, glycolate, gluconate, digluconate, hyaluronate, lactate, malate, tartrate, citrate, ascorbate,

CA 03158242 2022-5-12
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glucuronate, maleate, fumarate, pyruvate, aspartate, glutamate, benzoate, anthranilate, stearate,
salicylate, p-hydroxybenzoate, phenylacetate, mandelate, pamoate, methanesulfonate, ethanesulfonate,
benzenesulfonate,  pantothenate,  toluenesulfonate,  2-hydroxyethanesulfonate, sulfanilate,
cyclohexylaminosulfonate, 13-hydroxybutyrate, galactarate, galacturonate, adipate, alginate, butyrate,
camphorate, camphorsulfonate, cyclopentanepropionate, dodecyl sulfate, glycoheptanoate,
glycerophosphate, heptancate, hexanoate, nicotinate, 2-naphthalenesulfonate, oxalate, palmoate,
pectinate, 3-phenylpropionate, picrate, pivalate, thiocyanate and undecanoate,

The compounds of formula I contain several chiral centers (especially in the L groups and in some R,
groups). The existence of a chiral center allows the compound to exist as one of two possible optical
isomers ((R) - or {S)-enantiomer), or as a racemic mixiure of both. In this case, where other chiral ceniers
are present, all diastereomers and mixtures of diastereomers formed are also included in the range of the

lipophosphonoxins of general formula X described in this invention.

The invention furthermore relates to lipophosphonoxins of the general formula I or their diastercomers
or to pharmaceutically acceptable salts and hydrates, and/or mixtures of such compounds, for use as

medicaments.

The invention furthermore relates to lipophosphonoxins of the general formula I or their diastereomers
or to pharmaceutically acceptable salts and hydrates, and/or mixtures of such compounds, for use as
antibacterial drugs.

The invention also relates to a pharmaceutical composition, preferably to an antibacterial dmg
composition, comprising at least one lipophosphonoxin of the general formula I or diastereomer or a

pharmaceutically acceptable salt or hydrate thereof, and/or a mixture of such compounds as the active
ingredient.

The invention furthemore relates to a disinfectant for non-therapeutic purposes and/or 1o a selective
culture medium comprising at least one lipophosphonoxin of general formula I or a diastercomer or a
pharmaceutically acceptable salt or hydrate thereof, and/or mixtures of such compounds as the active
ingredient.

The invention also relates to the use of lipophosphonoxins of general formula 1 or their diastereomers
or pharmaceutically acceptable salts or hydrates, and/or mixtures of such compounds, for the preparation
of an antibacterial drug.

CA 03158242 2022-5-12
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The invention further relates to a method of treatment of bacterial infections, said method comprising
the step of administering at least one lipophosphonoxin of the general formula I or diastereomer or a
pharmaceutically acceptable salt or hydrate thereof to a subject in need of such treatment,

Finally, the invention relates to the use of lipophosphonoxins of general formula T or their diastereomers
or pharmaceutically acceptable salts and hydrates, andfor mixtures of such compounds, as active
ingredients of disinfectants for non-therapeutic purposes, and/or selective culture media for in vitro
cultivation of bacteria, fungi or eukarvotic cell lines.

A medicament / drug is any substance or combination of substances intended to treat or prevent disease
in humans or animals, and any substance or combination of substances which may be administered to
humans or animals to establish a medical diagnosis or to restore, ameliorate or modify physiological

functions of humans or animals.

The compounds of this invention ¢xhibit antibacterial ¢ffects against strains of Escherichia coli,
Pseudomonas aeruginosa, Enterococcus jfaecalis, Staphviococcus aureus, Staphylococcus
haemolyticus, Enterococcus faecium, Staphylococcus epidermidis, Enterobacter kobei, and even against

strains resistant to existing antibiotics.

Compared to the first-generation LPPOs (J. Med. Chem. 2011, 54(22), 7884-7898, patent CZ 303569,
patent EP2527351) and the second-gencration LPPOs (J. Med. Chem. 2017, 60(14).6098-6118, CZ
308344, EP 3448865, AU 2017257061), the herein presented third-generation hipophosphonoxins
{LPPOs) exhibit a wider spectrum of antibacterial activity, higher selectivity and easier preparation.

The biggest benefit over the prior art is the fact that they exhibit significantly lower hemolytic activities

as well as very low binding to serum albumins.

Table 1: Comparison of the properties of the second (1) and third (2,3} generation of lipophosphonoxins

- influencing antibacterial activity in the presence of serum albumins;

MIC (mg/l)
0% BSA 4% BSA
Compound Escherichia Staphyvlococcus | Escherichia Staphylococcus

coli  ATCC | aureus ATCC | coli  ATCC | aureus ATCC
25922 29213 25922 29213

1 LPPOTI 2 2 »>200 >200

DR7030
2 LPPOINI 2 1 4 1

CA 03158242 2022-5-12
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Example 37
of this invention
LPFPOIII
3 Example 49 4 1 ] 2

of this invention

DR7030
l NH
OC14H29 N/&O
B
A
NH J/ S
HoN H”“‘V’"N OH OH
NH, /l)
HNZ N
H

The greatest benefit of the claimed compounds is their surprisingly high potency, even against dangerous

multi-resistant bacterial strains occurring in a hospital environment. In addition, the structure of the

third-generation LPPOs 1s even more modular than the firsi- and second-generation LPPOs, allowing
5  the fine tuning of physical and biological properties.

The higher degree of modularity of the structure of third-generation LPPOs compared to first- and
second-generation LPPOs, enabled by their casy synthesis and assembly of individual modules, provides

extensive structural variations of the compounds of this invention that can be used to modulate their
10 biological activity.

Examples

Formmula (I) includes the compounds listed in Examples 34-37 and 39-58.

15
List of abbreviations:
DCM dichlormethan
TPSCI triisopropyl benzenesulfonyl chloride
IR mfrared spectrum
20 HR-ESI high resolution mass spectrum using electron spray ionization
HR-EI high resolution mass spectrum using electron impact ionization
n-BuOH n-butyl alcohol
DMTr dimethoxy trityl

THF tetrahydrofuran

CA 03158242 2022-5-12
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ECso mean effective concentration {causing 50 % of maximum effect)
ICs0 inhibitory concentration {causing 50 % of the maximum inhibitory effect)
rpm rotations per minute
rt room temperature
General methods

General method A — removal of phosphonate methyl ester group

Methyl phosphonate (1 mmol) is dissolved in 60 % aqueous pyridine (20 mL) and the reaction mixture
is stirred at 60 °C for 24 h. The reaction mixture is concentrated in vacuo at temperature below 40 °C,
the residue is dissolved in ethanol (20 mL) and passed through a column of Dowex 50 v H" form (5 g).
The column is washed with EtOH (40 ml). The solvent is removed in vacuo. Product is obtained by
column chromatography on silica gel using linear gradient of solvent system H1 (ethyl acetate, acetone,
ethanol, water 4:1:1:1) in ethyl acetate.

General method Bl — Esterification of monomethyl vinylphosphonate using oxalylchloride

Mono alkyl vinylphosphonate (1 mmol) is randered dry by co-evaporation with EtOH (10 ml/mmol)
and toluene (10 ml), dissolved in DCM (3 ml) and cooled to -78 °C under argon atmosphere.
Oxalylchloride (2 mol/L) in DCM (0.3 ml) is slowly added and the reaction mixture is stirred at rt for
30 min, Catalytic ammount of DMF (50 uL) is added and the reaction muxture is stirred until gass
evolution ceassed. Hydroxyderivative (1 mmol) is then added folowed by addition of tricthylamine (1.1
mmol). The reaction mixture is stirred at rt for 12 h under argon atmosphere. The reaction mixture is
extracted with sat. soln. NaHCO; (10 mL) and sat. soln. NaCl (10 mL). Organic phase is dried over
Na»S04 and concentrated in vacuo. Product is obtained by column chromatography using linear gradient

of acetone in toluene or linear gradient of ethanol in chloroform.

General method B2 — Esterification of monomethyl vinylphosphonate using TPSCl

Mono alkyl vinylphosphonate (1 mmol) and hydroxyderivative (2 mmol) is randered anhydrous by co-
evaporation with DCM (2x10 ml) and dissolved in the same solvent (5 mL), Mcthylimidazole (3 mmol)
and TPSCI (2 mmol) were added and the reaction mixture is stirred at re under argon atmosphere for
24-48 h. Progress of the reaction is followed by TLC using mixture of acetoneftoluene (1:1). The
reaction mixture is diluted with DCM (10 mL) and washed subsequenily with sat. soln NaHCO;3 (10 ml)
and brine (10 mL}). Organic phases were combined, dricd over Na:80s and concentrated in vacuo.
Product is obtained by column chromatography using linear gradient of acetone in toluene or linear
gradient of ethanol in chloroform.

CA 03158242 2022-5-12
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General method C — Reaction of monoalkyl vinylphosphonate with a,«w-dibromoalkane

Mono alkyl vinylphosphonate {1 mmol) and tetrabutylammonium hydroxide (1 mmol) is randered
anhydrous by co-evaporation with ethanol (2x 10 mL) and DMF (10 mL) and dissolved in DMF (5
mL}. ow-Dibromalkan (0.36 mmol) is added and the reaction mixmre is stirred under argon atmosphere
at 90 °C for 24-43 h. Progress of the reaction is followed by TLC using mixture of acetoneftoluene (1:1).
The reaction mixture is concentrated in vacuo and product is obtained by column chromatography using
linear gradient of acetone in toluene.

General method D — Michael addition

The mixture of vinylphosphonate dimer {1 mmol) and secondary amine (3 mmol} in n-butanol (50
mL/mmol} 1s stirred at 105 °C for 24-72 h in sealed flask. Progress of the reaction is followed by TLC
using mixture of EtOHACHCI: (1:10). The reaction mixture is concentrated in vacuo and product is
obtained by column chromatography using linear gradient of ethanol in chloroform.

General method E — Removal of Boc protecting groups

Starting Boc derivative (1 mmol) is dissolved in 0.5M methanolic HCI (10 mL). The reaction mixmre
is stirred at 1t for 24 h. The reaction mixture is concentrated in vacuo and product is obtained by
precipitation from anhydrous cthyl acetate. If nccessary, the final product is repurified by preparative
HPLC on reversed phase using linear gradient of methanil in 0.1% aqueous TFA.

Example 1: Butyl vinylphosphonate

ff”'\g-ocmg

OH
Butyl vinylphosphonate is prepared from mono methyl vinylphosphonate (7.0 g, 57.3 mmol) and 1-
butancl using general method B2 and general methed A in 47% (4,39 g, 26,7 mmol) overall yield in
the form of colorless oil.
'HNMR (400.1 MHz, CDCls): 0.90-0.95 (m, 3H), 1.35-1.45 (m, 2H,), 1.62-1.69 (m, 2H), 3.98-4.04 (m,
2H), 5.99-6.34 (m, 3H), 9.78 (s, 1H).
3C NMR (100.6 MHz, CDCls): 13.57, 18.70, 32.35 (d, Jep=7.0), 65.46 (d, Jcr=6.0), 126.19(d, Jcp=
189.1), 134.61 (d, Jep= 2.0).
'P{'H} NMR (162.0 MHz, CDCl;): 21.72.
IR vimax (KBr) 3090 (vw), 2963 9s), 2935 (s), 2876 (m), 2847 (m), 2739 (w, vbr), 2671 (w, vbr), 2337
(m, vbr), 2177 (w, vbr), 1666 (m, vbr), 1615 (m), 1476 (w}), 1466 (m), 1459 (w), 1403 (m), 1276 (w),
1199 (s), 1062 (5), 1031 (vs), 986 (vs), 899 (w).
HR-MS(ESI") For CsHi30sNaP (M+Na)* caled 187.04945, found 187.04951.

CA 03158242 2022-5-12
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Example 2: Pentyl vinylphosphonate

O
> B-0CsHyy

OH
Pentyl vinylphosphonate is prepared from mono methyl vinylphosphonate (6.50 g, 53.3 mmol) and 1-
pentanol using general method B2 and general method A in 47% (4.43 g g, 24.9 mmol) overall yield
in the form of colorless oil.
'H NMR (400.1 MHz, CDCl;3): 0.87-0.93 (m, 3H), 1.28-1.39 (m, 4H), 1.64-1.71 (m, 2H), 3.72 (d, 3H,
Jup= 8.0), 3.98-4.05 (m, 2H), 5.97-6.36 (m, 3H).
B3C NMR (100.6 MHz, CDCl); 13.93, 22,21, 27,62, 30.14 (d, Jcp=7.0), 52.31 (d, Jcp= 5.0), 66.08 (d,
Jop=6.0), 12521 (d, Jcp= 184.1), 13591 (d, Jcp=2.0).
HP{'H} NMR (162.0 MHz, CDCl3): 21.11.
IR vinay (KB1) 3090 (vw), 2959 (8), 2934 (s), 2874 (m), 2861 (m), 1613 (w), 1467 (w), 1461 (w), 1435
(vw), 1400 (m), 1381 (w), 1280 (w), 1242 (s), 1185 (w), 1057 (vs), 1042 (vs), 1022 (vs), 1004 (s), 989
(s), 856 (w), 814 (m).
HR-MS(ESI™) For CsH\:0:P (M+H)" caled 193.09881, found 193.09872.

Example 3: Hexyl vinylphesphonate

"&\%)_OCGH13

OH
Hexyl vinylphosphonate is prepared from mono methyl vinylphosphonate (5.70 g, 46.7 mmol} and 1-
hexanol using general method B2 and general method A in 42% (3.77 g g, 19.6 mmol) overall vield
in the form of colorless oil.
'H NMR (400.1 MHz, CDCl;): 0.86-0.90 (m, 3H), 1.23-1.40 (m, 6H), 1.63-1.70 (m, 2H), 3.97-4.02,
5,99-6.34 (m, 3H), 10,53 (s, 1H).
13C NMR (100.6 MHz, CDCl;): 13.98, 22.52, 25.15, 31.33, 30.31 (d, Jep= 6.0, 65.79 (d, Jer= 6.0),
126.2 (d, Jep= 189.1), 134.61 (d, Jor=2.0).
'P{'H} NMR (162.0 MHz, CDCl;3): 21.48.
IR vinax (KBr1) 3089 (vw), 2959 (s), 2032 (s), 2873 (s), 2861 (s), 2732 (m, vbr), 2672 (m, vbr), 2337
(m,vbr), 2181 (m, vbr), 1672 (m, vbr), 1615 (w), 1468 (m), 1462 (m), 1458 (m), 1276 (m), 1199 (5),
1059 (s), 1042 (vs), 1020 (vs), 986 (vs), 895 (w}.
HR-MS(ESI") For CsH,70;NaP (M+Na)" caled 215.08075, found 215.08069.

Example 4: Heptyl vinylphosphonate

O
f\'lfl"oc?Hw
OH

CA 03158242 2022-5-12
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Heptyl vinylphosphonate is prepared from mono methyl vinylphosphonate (9.65 g, 79.1 mamol) and 1-

heptanol (11.2 mL, 79.1 mmol) using general method Bl and general method A in 70% (115 g, 55.5

mmol) overall yield in the form of coloress oil.

'HNMR (401 MHz, Chloroform-d) & 10.83 (s, 1H), 6.34-5.98 (m, 3H), 3.99 (q, /= 6.7 Hz, 2H), 1.66

5  (p,J=6.6 Hz, 2H), 1.41-1.19 (m, 8H), 0.92-0.83 (m, 3H).

P NMR (162 MHz, Chloroform-d) & 21.89.

B3C NMR (101 MHz, Chloroform~d) & 134,92, 126.20 (d, J= 189.2 Hz), 66.02 (d, J = 6.1 Hz), 31.84,

30.48 (d, J = 7.0 Hz), 28.96, 25.57, 22.71, 14.19.

IR viax(film) 3086 (w), 2957 (m}), 2930 (s), 2872 (m), 28358 (m), 2594 (w, br), 2280 (w), 1615 (m), 1468
10 (m), 1457 (m), 1402 (m), 1276 (m), 1208 (s), 1064 (s), 1053 (s), 1013 (vs), 988 (vs), 850 (m), 727 (m),

607 (m).

HR-MS (ESI"): For CoHis0:P (M — H)™ m/z calculated 205.09990, found 205.10001 £ 0.49665 ppm.

Example 5: Octyl vinylphosphonate

O

ZR-0CeHy
15 OH

Octyl vinylphosphonate is prepared from mong methyl vinylphosphonate (4.0 g, 32,8 mmol) and 1-

octanol using general method Bl and general method A in 27% (1.92 g, 8.86 mmol) overall yield in

the form of colotless oil.

"' NMR (401 Mlz, Chloroform-d) & 6.43-5.94 (m, 3H), 4.00 (q, J = 6.8 Hz, 2H), 1.66 (dt, J = 8.1,
20  6.5Hz, 2H), 1.44-1.18 (m, 10H), 0.95-0.78 (m, 3H),

3P NMR (162 MHz, Chloroform-¢) & 22.38.

35C NMR (101 MHz, Chloroform-d) & 134.87 (d, J=2.0Hz), 12627 (d, J= 1894 Hz), 6595 (d, J =

6.1 Hz), 3192, 3049 (d, J=6.6 Hz), 29.32, 2927, 25.63, 22,78, 14 23,

IR Vmax( CHCl;) 3089 (vw), 2958 (s), 2929 (vs), 2872 (s), 2858 (s), 2673 (w, vbr), 2338 (w, vbr), 1673
25 (m, vbr), 1615 (m), 1468 (m), 1458 (m), 1403 (m), 1379 (w), 1277 (m), 1196 (s), ~1061 (s, sh), 1025

(vs), 986 (vs), 853 (w), 605 (w).

HR-MS (APCT"): For C1gH2:0:P (M +H)" m/z calculated 221.1301 1, found 221.12992 + 0.83273 ppm.

Example 6: Decyl vinylphosphonate

]
#P—0C1gHa;
30 OH

Decyl vinylphosphonate is prepared from mono methyl vinylphosphonate (9.98 g, 81.8 mmol) and 1-
octanol (129 mL, 81 8 mmol) using general methed Bl and general method A in 41% (R52 g,

34.3 mmol) overall yield in the form of colorless oil.

CA 03158242 2022-5-12
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'H NMR (401 MHz, Chloroform-d) & 10.98 (brs, 1H), 6.35-5.99 (m, 3H), 3.99 (g, /= 6.8 Hz, 2H),
1.71-1.62 (m, 2H), 1.40—1.19 (m, 14H), 0.91-0.84 (m, 3H).

YIP NMR (162 MHz, Chloroform~d) 5 22.13.

BC NMR (101 MHz, Chloroform-d) & 134 86, 126.27 (d, J= 189.3 Hz), 65.97 (d, J = 6.1 Hz), 32.03,
30.50 (d, J = 6.6 Hz), 29.68, 29.66, 29.45, 29.31, 25,63, 22.82, 1426,

IR vy, (CHCl:) 3090 (vw), 2957 (vs), 2928 (vs), 2872 (s), 2856 (vs), 2731 (m, br), 2675 (m, vbr), 2327
(m, br), 2174 (m, br, sh), 1667 (m, vbr), 1615 (s), 1467 (s), 1458 (m), 1403 (5), 1379 (m), 1277 (m),
1197 (vs), 1024 (vs, br), 986 (vs, br), 901 (m).

HR-MS(ESI"): For C1aHzsOsNaP (M + Na)® m/z calculated 271.14335, found 271.14340 + 0.18190
ppm; for CizH20:P (M + H)" m/z calculated 249.16141, found 249.16152 + 0.45265 ppm.

Example 7: Phenethyl vinylphosphonate

Phenethyl vinylphosphonate is prepared from mono methyl vinylphosphonate (7.0 g, 57.5 mmol) and
phenethyl bromide (98 %o, 8.56 mL, 61.4 mmol) using general method C and general method A in
36% (4.42 g, 20.7 mmol) overall vield in the form of colorless oil,

'H NMR (401 MHz, Chloroform-d) & 8.49 (brs, 1H), 7.39-7.12 (m, 5H), 6.43-5.73 (m, 3H), 4.18 (q,
J=74Hz, 2H), 298 (t, J= 7.2 Hz, 2H).

31p NMR (162 Mz, Chloroform-d) 5 22 .26.

BCNMR (101 MHz, Chloroform-d) & 137.28, 135.12,129.17, 128.64, 126 .81, 12594 (d, .7 = 189.4 Hz),
66.23 (d, J=6.0Hz), 37.02(d, /= 6.6 Hz).

IR viux(film) 3086 (w), 3063 (w), 3029 (w), 2867 (w), 1614 (w), 1605 {m), 1497 (m), 1473 (w), 1454
(m), 1402 {m), 1276 (m), 1216 (s), 1179 (m), 1154 (m), 1061 (s), 1019 (vs), 1002(s), 988 (vs), 748 (m),
699 (s), 496 (m).

HR-MS(ESI"): For CioHi;OsNaP (M + Na)* m/z calculated 235.04945, found 235.04909 + 1.55059
ppm. For CioH140:P (M + H)" m/z calculated 213.06751, found 213.06721 + 1.37212 ppm.

Example 8: 2-(adamantan-1-yl)ethyl vinylphosphonate

0
o S
HO ©

2-(Adamantan-1-yl)ethyl vinylphosphonate is prepared from mono methy vinylphosphonate (0.63 g,
5.18 mmol) and 2-{adamantan-1-yl)ethanol using gemeral method B1 and general method A in overall
40% yield (0.56 g, 2.07 mmol) in the form of white foam.
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"H NMR (400.1 MHz, CDCls): '"H NMR (401 MHz, CDCl3) & 1.37 — 1.46 (m, 2H); 1,49 (m, 6H); 1.51
~ 1.75 (m, 6H); 1.91-1.92 (m, 3H); 3.60 — 4.09 (m, 2H); 5.75 — 6.12 (m, 3H).

SIp{'H} NMR (162.0 MHz, CDCLs): 616.79.

TR viax(CHCl3) 3083 (viw), 2960 (m, sh), 2926 (s), 2904 (vs), 2849 (s), 2753-2637 (vw), 1160 (w, vbr),
1614 (w), 1451 (m), 1400 (m), 1362 (vw), 1346 (m), 1276 (m), 1201 (s), 1106 (m), 1072 (s), 1046 (s),
1029 (s, sh), 1018 (s), 989 (s), 972 (s), 811 (m), 437 (w).

HR-MS (ESI'): For CuHz2O0sP (M — H)™ m/z caled 269.13120, found 269.13132.

Example 9: (adamantan-1-yl)methyl vinylphosphonate

Ol
W

o
i on
(Adamantan-1-yl)methyl vinylphosphonate is prepared from mono methy vinylphosphonate (1.68 g,
13.8 mmol) and (adamantan- 1-yl)methanol using general method Bl and general method A in overall
40% vield (8.87 g, 34.61 mmol) bezbarvého oleje.
'H NMR (401 MHz, Chloroform-d) 3 1.53 (s, 6H), 1.59 — 1.79 {(m, 6H), 1.98 (s, 3H), 3,55 (4, J= 5.8
Hz, 2H), 5.58 — 6.77 (m, 3H), 10.61 (s, 1H).
“C NMR (101 MHz, Chloroform-d) & 28.14, 33.86 (d, J = 7,1 Hz), 38.96, 75.31, 75.37, 76.84, 77.16,
77.48,126.23 (d, /= 1898 Hz), 134.73 (d, J= 1.8 Hz).
*'P NMR (162 MHz, Chloroform-d) 3 22.39,
TR ¥uex (CHCI3) 3090 (vwv), 2940 (vs, sh), 2906 (vs), 2851 (vs), 2799, 2777, 2720 (m, vbr), 2660, 2326
(m, vbr), 1666 (m, vbr), 1616 (m), 1462 {m), 1453 (m), 1403 {(m), 1387 (w), 1365 (w), 1276 (m), 1196
(s), 1191 (s), 1106 (m), 1060 (s), 1029 (vs, br), 1002 (vs), 987 (vs), 975 (vs), 942 (m), 923 (m), 809 (m),
437 (w).
HR-MS(ESI") For C1:H1QsNaP (M+Na) caled 279.11205, found 279.11202.

Example 10: 3-(cyclohexyl)propyl vinylphosphonate

O
4

AR e

3-(Cyclohexyl)propyl vinylphosphonate is prepared from mono methyl vinylphosphonate (5 g,
40.96 mmol) and 3-(cyclohexyl)propancl (8.32 g, 58.52 mmol) general method B2 and general
methed A in 32% (3-01 g, 12-96 mmol) overall yield in the form of colorless oil.

'H NMR (401 MHz, Chloroform-d) § 0-71 — 0-99 (m, 2H), 1.02 — 1.44 (m, 6H), 1.47 — 1,93 (m, 7H),
3.84-4.15 (m, 2H), 5.74 — 6.49 (m, 3H), 9.98 (5, 1H).
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13C NMR (101 MHz, Chloroform-d) § 26.15, 26.45, 27.60 (d, J = 6,7 Hz), 32.92, 33.08, 37.10, 65,97
(d,J= 6,1 Hz), 76.53, 76.84, 77.16, 12601 (d, .= 189.2 Hz), 134.49 (d, 7= 1.8 Hz).

3P NMR (162 MHz, Chloroform-d) 8 22.18.

IR Vinax (CHCl3) 3090 (vw), 2926 (vs), 2853 (s), 2710 (w, vbr), 2330 (m, vbr), 1669 (m, vbr), 1615 (m),
1474 (w), 1463 (w), 1449 (m), 1403 (m), 1276 (w), 1198 (s), 1063 (s), 1053 (s), 1041 (s), 1013 (vs), 986
{vs).

HR- TOF MS CI+ For Cy Hz20sP (M+H)" caled 233.1307, found 233.1310,

Example 11; (Z)-non-3-en-1-yl vinylphosphonate

7 5 2
QWO" /=2
8 6 4 3 1 ¢ ~OH

(Z)-non-3-¢n-1-yl vinylphosphonate is prepared from mono methyl vinylphosphonate (3.0 g, 246
mmol) and (Z)-non-3-en-1-ol using general method B1 and general method A in 35% (2.0 g, 8.61
mmol) overall yield in the form of coloress oil.

'HNMR (401 MHz, Methanol-d;) 6 0.87 — 0.95 (m, 3H), 1.23 - 1.44 (m, 6H), 2.06 {qd, J=7.3, 1.3 Hz,
2H), 241 (qd, J=7.0,1.4 Hz, 2H), 3.92 (q, J = 7.0 Hz, 2ZH), 5 38 (ddd, /= 109, 7.1, 1.4 Hz, 1H}, 5.51
(dit, /=103, 72, 1.5 Hz, 1H), 5.97 — 6.27 (m, 3H).

13C NMR (101 MHz, Methanol-da) 8 14.41, 23.61, 29.72 (d, J = 6.6 Hz), 29.75, 30.40, 32.62, 48.36,
48.58, 48.79, 49.00, 49.21, 4942, 49.64, 66.04 {d, Jor = 5.7 Hz), 12537, 12892 (d, J = 181 .4 Hz),
133.87, 134.31 (d, J = 1.4 Hz).

3P NMR (162 MHz, Methanol-ds) & 18.44.

TR vy (KBr) 3088 (vw), 2959 (5), 2930 (s), 2873 (m), 2858 (5), 2733 (w), 2669 (w, vbr), 2337 (m, br),
1660 (m, vbr), 1655 (w), 1615 (m), 1468 (m), 1460 (m), 1403 (m), 1380 (w), 1277 (m), 1198 (s), 1165
(s, sh), 1155 (s), 1023 (vs), 986 (vs).

HR-MS(ESI") For CyyH2,0sNaP (M+Na)" caled 255.11205, found 255.11186.

Example 12; (£)-hept-3-en-1-yl vinylphosphonate

7 5 2 N }:2

6 P 1 dP “~OH

(Z)-hept-3-en-1-yl vinylphosphonate is prepared from meono methyl vinylphosphonate (5.0 g, 41.0
mmol) and 1-hexanol using general method B2 and general method A in 46% (3.42 g, 19.6 mmol)
overall yicld in the form of coloress oil.

'HNMR (400.1 MHz, CDCL): 0.89 (m, 3H), 1.32-1.41 (m, 2H), 1.98-2.04 (m, 2H), 2.35-2.46 (m, ZH),
3.98 (q, 2H, Jic= 7.2), 5.31-5.38 (m, 1H), 5.47-5.54 {m, 1H), 5.99-6.34 {(m, 3H), 11.10 {s, 1H).
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B3C NMR (100.6 MHz, CDCls): 13.73, 22.67, 28.59 (d, Jcp= 7.0), 29.36, 65.06 (d, Jcr = 6.0), 123.80,

126.13 (d, Jop= 189.1), 133.05, 134.72 (d, Jcp= 2.0).

'P{'H} NMR (162.0 MHz, CDCl;): 21.58.

IR vy (KBr) 3091 (w), 3013 (m), 2960 (m), 2931 (m), 2873 (s), 2700-2100 (w, vbr), 1665 (w), 1657
5 (w), 1615 (w), 1466 (w), 1458 (w), 1403 (m), 1379 (vw), 1277 (w), 1210 (m), 1144 (m, sh), 1066 (m),

1016 (vs), 1023 (vs), 989 (vs), 849 (w).

HR-ESIESI") For CsHis05P (M-H) caled 203.08425, found 203.08435,

Example 13: (Z)-oct-3-en-1-yl vinylphosphonate

~RoH
8]
10 —~
{Z)-oct-3-¢n-1-yl vinylphosphonate is prepared from mono methyl vinylphosphonate (4.0 g, 32.8
mmol) and (£)-oct-3-en-1-ol using general method B2 and general method A in 60% (3.42 g, 157
mmol)
'H NMR (400.1 MHz, CDCl;); 0.86-0.92 (m, 3H), 1.25-1.37 (m, 4H), 2.0-2.06 (m, 2H), 2.35-2.46 (m,
15  2H), 398 (q, 2H, J.ic=12.0), 5.30-53.37 (m, 1H), 5.47-5.54 (m, 1H), 5.99-6 .34 (m, 3H), 10.79 (s, 1H).
C NMR (100.6 MHz, CDCls); 13,96, 22,30, 27,04, 28,57 (d, Jep = 7.0), 31.72, 65.06 (d, Jep= 6.0,
123.59, 126.12 (d, Jep= 189.1), 133.27, 134.73 {d, Jcp=2.0).
'P{'H} NMR (162.0 MHz, CDCl;): 21.66.
IR vmax (KBr) 3090 (w), 2960 (s), 2930 (s), 2873 (5), 2860 (s), 2734 (m, br), 2672 (m, vbr), 2330 (m,
20 wvbr), 2169 (m, vbr), 1665 (m, vbr), 1654 (m}), 1615 (m), 1467 (m), 1458 (m), 1403 (s), 1379 (m), 1277
{m), 1198 (s), 1066 (s), 1053 (s), 1023 (vs), 986 (vs), §94 (w).
HR-MS(ESI") For CoH1s0:NaP (M+Na)" caled 241,09640, found 241,09653,

Example 14: Isobutyl vinylphosphonate

~ROH
)

25 o

Isobutyl vinylphosphonate is prepared from mono methyl vinylphosphonate (4.03 g, 33.0 mmol) and

isobutyl alcohol (3.71 mL, 40.0 mmol) using general method Bl and general method A in 37%

(2.00 g, 12.2 mimol) overall yield in the form of colorless oil.

'H NMR (401 MHz, Chloroform-d) 5 6.45 (brs, 1H), 6.36-5.98 (m, 3H), 3.77 (t,.J = 6.6 Hz, 2H), 1.95
30 (dt,J=13.3, 6.7 Hz, 1H), 0.94 (d, J = 6.7 Hz, 6H).

P NMR (162 MHz, Chloroform-d) 3 22 26.
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3C NMR (101 MHz, Chloroform-d) & 134.69, 126.11 (d, /= 189.6 Hz), 71.63 (d, J= 6.6 Hz), 29.06 (d,

J=7.0Hz), 18.69 (d, 7= 1.§ Hz).

IR viax(CHCl3) 3088 (w), 2962 (m), 2877 (m), 2853 (w), 2585 (m, br), 2278 (m, br), 1673 (m), 1615

{m), 1472 (m), 1403 (m), 1370 (w), 1278 (m), 1206 (s), 1032 (vs), 989 (5), 854 (m), 732 (m), 610 (m).
5  HR-MS(ESI"): For CsH:0:NaP (M +Na)* m/z calculated 187,04945, found 18704957 + 0.64909 ppm,

Example 15: Di{(2)-oct-3-en-1-yl) propane-1,3-diyl bis(vinylphosphonate)

10
Di(Z2)-oct-3-en-1-yl) propan-1,3-diyl bis(vinylphosphonate) is prepared from compound in Example
13 (0.9 g, 4.12 mmol) and 1,3-dibromopropane (0.32 g, 1.37 mmol) vsing general method C in 73%
(0.48 g, 1,01 mmol) overall yield in the form of colorless oil,

'H NMR (400.1 MHz, CDCl;): 0.86-0.94 (m, 6H), 1.25-1.36 (m, 8H), 1.42-1.50 (m, 2H), 1.65-1.73 (m,

15  4H), 2.0-2.06 (m, 4H), 2.35-2.45 (m, 4H), 3.97-4.04 (m, 8H), 5.30-5.37 (m, 2H), 5.47-5.54 (m, 2H),
5.97-6.35 (m, 6H).

BC NMR (100.6 MHz, CDCls): 13.97, 21.69, 2231, 27.07, 28.68 (d, Jcp=7.0), 29.99 (d, Jcp= 7.0),
31.71, 65.28, 6548 (d, Jop= 6.0), 123.68, 125.75 (d, Jop= 184.1), 133.28, 135.63 (d, Jep=3.0).
'P{'H} NMR (162.0 MHz, CDCl;): 19.87.

20 IR vaax (KBr) 3086 (w), 3011 (m), 2957 (s), 2929 (s), 2872 (m), 2860 (m), 1613 (w), 1467 (m), 1363
(w), 1278 (m, sh), 1251 (vs), 1184 (w), 1054 (s), 1007 (vs), 970 (s, sh), 726 {m), 608 (m).
HR-MS(ESI") For C2sH4706P> (M+H)" calcd 505.28424, found 505.28375.

Example 16: Di{(Z)-0ct-3-en-1-yl) pentane-1,5-diyl bis{vinylphosphonate)
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Di{(Z)-oct-3-en-1-y1) pentane-1,5-diy]l bis{vinylphosphonate) is prepared from compound in Example
13 (0.9 g, 4.12 mmol) and 1,5-dibromopropane (0.32 g, 1.37 mmol) using general methed C in 79%
(0.56 g, 1.11 mmol) overall yield in the form of colorless oil.

'H NMR (400.1 MHz, CDCl3): 0.86-0.94 (m, 6H), 1.25-1.36 (m, 8H), 1.42-1.50 (m, 2H), 1.65-1.73 (m,
4H), 2.0-2.06 (m, 4H), 2.35-2.45 (m, 4H), 3.97-4.04 (m, 8H), 5.30-5.37 (m, 2H), 5.47-5.54 (m, 2H),
5.97-6.35 (m, 6H).

BC NMR (100.6 MHz, CDCl:): 13.97, 21.69, 22,31, 27.07, 28.68 (d, Jep= 7.0), 29.99 (d, Jep=7.0),
31.71, 65.28, 65.48 (d, Jer= 6.0), 123.68, 125.75 (d, Jop= 184.1), 133.28, 135.63 (d, Jer= 3.0).
'P{'H} NMR (162.0 MHz, CDCl3): 19.87.

IR Vimax (KBD) 3086 (w), 3011 (m), 2957 (s), 2929 (s), 2872 (m), 2860 (m), 1613 (w), 1467 (m), 1363
(w), 1278 (m, sh), 1251 (vs), 1184 (w), 1054 (s}, 1007 (vs), 970 (s, sh), 726 (m), 608 (m).
HR-MS(ESI") For C2sHs706P2 (M+H)" calcd 505.28424, found 505.28375,

Example 17: Di{(Z)-oct-3-en-1-yl) hexane-1,5-diyl bis(vinylphosphonate)

N /_/=\_\_
0-P-0
O
o—pP-0
—\T:/_/ ©

Hexan-1,6-diyl di{(Z)-oct-3-en-1-y1) bis(vinylphosphonate) is prepared from compound in Example 13
(0.9 g, 4.12 mmol) and 1,6-dibromohexane (0.32 g, 1.37 mmol) using general methed C in 83% (0.59
g, 1.14 mmol) overall yicld in the form of colorless oil.

'H NMR (400.1 MHz, CDCl3): 0.86-0.92 (m, 6H), 1.25-1.35 (m, 8H), 1.36-1.41 (m, 4H), 1.62-1.70 (m,
4H), 2.0-2.06 (m, 4H), 2.39-2 45 (m, 4H), 3.97-4.03 (m, 8H), 5.30-537 (m, 2H), 5.47-5.54 {m, 2H),
5.97-6.34 (m, 6H}).

BC NMR (100.6 MHz, CDCls): 13.96, 22.31, 2515, 27.07, 28.67 (d, Jep= 6.0), 30.35 (d, Jep=7.0),
31.71,65.26 (d, Jer=6.0), 65.67 (d, Jer=6.0), 123.70, 12578 (d, Jep=184.1), 133.26, 135.58 (d, Jc»r
= 3.0).

'P{'H} NMR (162.0 MHz, CDCl;): 19.83.

IR vmax (KBr) 3085 (w), 3011 (m), 2956 (s), 2929 (s), 2871 (m), 2859 (m), 1654 (w), 1613 (w), 1467
(m), 1398 (m), 1278 (m, sh), 1251 (5), 1053 (5), 1003 (s), 970 (s, sh), 854 (m), 729 (m), 698 (m).
HR-MS(ESI") For CasHys06P; (M+H)" calcd 519.29989, found 519.29947.

Example 18: Di((Z)-hept-3-en-1-yl) hexane-1,6-diyl bis(vinylphosphonate)

CA 03158242 2022-5-12
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Di({ Z)-hept-3-en-1-yl) hexane-1_6-diyl bis(vinylphosphonate) is prepared from compound in Example
12 (1.10 g, 5.39 mmol) and 1,6-dibromohexane (0.44 g, 1. 80 mmol) using general method C in 79%
(0.68 g, 1.42 mmol) overall yield in the form of colorless oil.
5  'HNMR (400.1 MHz, CDCls): 0.89 (m, 6H), 1.32-1.43 (m, 8H), 1.62-1.70 (m, 4H), 1.98-2.04 (m, 4H),

2.39-2 45 (m, 4H}, 3.96-4.03 (m, 8H), 5.31-5.38 (m, 2H), 5.47-5.54 (m, 2H), 5.97-6.34 (m, 6H).
BC NMR (100.6 MHz, CDCls): 13.74, 22.66, 25.15, 28.69 (d, Jcp= 6.0), 29.39, 30.35 (d, Jcp= 7.0),
65.24 (d, Jop=6.0), 65.66 (d, Jop=6.0), 12391, 125.80(d, Jop=184.1), 133.04, 135.56 (d, Jop=2.0).
'P{'H} NMR (162.0 MHz, CDCl3): 19.84.

10 IR vmux (KBr) 3085 (vw), 3011 {m), 2958 (3), 2931 (m), 2871 (m), 1654 (w), 1613 (w), 1465 (m), 1398
{m), 1280 (m, sh), 1251 (vs), 1066 (vs), 1053 (vs), 1003 (vs), 976 (s, sh), B51 (m), 727 (m).
HR-MS(ESI") For C24HqsO06P2 (M+H)" calcd 491.26859, found 491.26863,

Example 19: Di{((Z)-hepi-3-en-1-yl) pentane-1,5-diyl bis(vinylphosphonate)

O—II!I’{O
y y L\z/_/
Di((Z)-hept-3-en-1-yl) pentane- 1,5-diyl bis{vinylphosphonaie) is prepared from compound in Example
12 (1.10 g, 5.39 mmol)} and 1,6-dibromopentane (0.40 g, 1.830 mmol) using general method C in $4%
(0.72 g, 1.50 mmol) overall yield in the form of colorless oil.
'H NMR (400.1 MHz, CDCl:); 0.88 (m, 6H), 1.29-1.39 (m, 4H), 1.41-1.49 (m, 2H), 1.65-1.72 (m, 4H),
20 1.97-2.03 (m, 4H), 2.38-2.44 (m, 4H), 3.96-4.03 (m, 8H), 5.30-5.38 (m, 2H), 5.46-5.53 (m, 2H), 5.96-
6.33 (m, 6H).
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3C NMR (100.6 MHz, CDCls): 13.74, 21.68, 22.65, 28.68 (d, Jcp= 6.0), 29.38, 29.97 (d, Jep=7.0),

65.27, 6542 (d, Jcp= 6.0, 5.0), 123.88, 125.73 (d, Jop= 184.1), 133.05, 135.62 (d, Jcp= 2.0).

'P{'"H} NMR (162.0 MHz, CDCl;): 19.86.

IR vyay (KBr) 3086 (vw), 3011 (m), 2960 (s), 2930 (m), 2872 (m), 1656 (w), 1613 (w), 1466 (m), 1457
5 (m, sh), 1330 (w), 1281 (m), 1252 (s), 1066 (vs), 1051 (vs), 1011 (vs), 981 (s, sh), 722 (m).

HR-MS(ESI*) For Cy:HyO4NaP; (M+Na)* calcd 499.23488, found 499.23491.

Example 20: Hexane-1,6-diyl dihexyl bis(vinylphosphonate)

Q 2
™ P\"’C)Wo’ P\%
o 0O

10 Hexane-1,6-diyl dihexyl bis(vinylphosphonate) is prepared from compound in Example 3 (1.20 g, 6.24
mmol) and 1,6~-dibromohexane (0.51 g, 2.08 mmol) using general method C in 71% (0.69 g, 1.43
mmol) overall yield in the form of colorless oil.

'H NMR (400.1 MHz, CDCls): 0.86-0.90 (m, 6H), 1.24-1.43 (m, 16H), 1.62-1.71 (m, 8H), 3.97-4.02
(m, 8H), 5.97-6.33 (m, 6H).

15  BCNMR (100.6 MHz, CDCl3): 13.98,22.52,25.16,25.18,31.33, 30.39 (d, Jep = 7.0, 6.0), 65.63, 66.98

(d, Jcp=6.0,50), 13547 (d, Jop = 183.1), 13547 (d, Jcp = 3.0).

'P{'"H} NMR (162.0 MHz, CDCls); 19.82,

IR Vimax (KBr) 3090 (vw), 2959 (s), 2934 (s), 2872 (m), 2861 (m), 1614 (w), 1468 (m), 1460 (m, sh),

1455 (m, sh), 1400 (m), 1380 (w), 1279 (m), 1241 (s), 1058 (s), 1039 (s), 1010 (vs, sh), 998 (vs), 862
20 (m).

HR-MS(ESI") For Cr,;H1sQsP; (M+H)" calcd 467 26859, found 467.26821.

Example 21: Dihexyl octane-1,8-diyl bis(vinylphosphonate)

0

||A\

ke i ot N N N P
Ap 0 ol
0O [®)

Dihexyl octane-1,8-diyl bis(vinylphosphonate) is prepared from compound in Example 3 (1.0 g, 5.20
25  mmol) and 1,8-dibromooctane (0.64 g, 1.74 mmol) using general method Cin 74% (0.64 g, 1 29 mmol)

overall vield in the form of colorless oil.
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'"H NMR (400.1 MHz, CDCls): 0.83-0.90 (m, 6H), 1.24-1.40 (m, 20H), 1.62-1.70 (m, 8H), 3.97-4.11
(m, 8H), 5.97-6.34 (m, 6H).
13C NMR (100.6 MHz, CDCLs): 13.98, 22.52, 25.18, 25.45, 29.04, 31.33, 30.43 (d, Jcp = 6.0), 6581,
65.94 (d, Jop = 5.0), 125.91 (d, Jep = 184.1), 135.38 (d, Jcp = 3.0).

5 'p{'H} NMR (162.0 MHz, CDCl); 19.77.
IR vpax (KBr) 3091 (vw), 2959 (s), 2934 (s), 2872 (m), 2860 (w), 1614 (w), 1468 (w), 1456 (w, sh),
1434 (w), 1400 (m), 1279 (m), 1241 (s), 1059 (s), 1040 (s, sh), 1009 (vs), 998 (vs), 606 (w).
HR-MS(ESI*) For CasHasOgP2 (M+H)" calcd 495.29989, found 495.29906.

10 Example 22: Decane-1,10-diyl dihexyl bis(vinylphosphonate)
O
O "/"\‘
i R
™ RIOVWWO/IT
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Decane-1,10-diyl dihexyl bis(vinylphosphonate) 1s prepared from compound in Example 3 (1.0 g, 5.20
mmol) and 1,10-dibromodecane (0.62 g, 1.74 mmol) using general method C in 75% (0.68 g, 1.31
mmol) overall yield in the form of coloress oil.

15 'HNMR (400.1 MHz, CDCls): 0.85-0.90 (m, 6H), 1.25-1.40 (m, 24H), 1.62-1.69 (m, 8H), 3.96-4.04
(m, 8H), 5.97-6.33 (m, 6H).
3C NMR (100.6 MHz, CDCl:): 13.98,22.52, 25.18, 25.51, 29.14, 29.42, 31.33, 30.42, 3048 (d, Jcp =
6.0), 65.88, 6393 (d, Jor=6.0), 12592 (d, Jep=184.1), 13535 (d, Jop = 2.0).
'P{'"H} NMR (162.0 MHz, CDCl;): 19.76.

20 IR vy (KBr) 3091 (vw), 2959 (s), 2932 (vs), 2872 (m), 2858 (m), 1614 (w), 1468 (m), 1458 (w), 1434
(w), 1400 (m), 1380 (w), 1279 (w), 1241 (s), 1058 (s), 1038 (s, sh), 1007 (vs), 997 (vs), 606 (w).
HR-MS(ESI") For CyHs3:06P2 (M+H)" calcd 523.33119, found 523.33031.

Example 23: Dihexyl tetradecane-1,14-diyl bis(vinylphosphonate)
8]
O il
2 ||::>" OMWQ’ T’A\%
O
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Dihexyl tetradecane-1,14-diyl bis(vinylphosphonate) is prepared from compound in Example 3 (1.0 g,

5.20 mmol) and 1,14-dibromotetradecane (0.62 g, 1.74 mmol) using general method C in 85% (0.86

g, 1.47 mmol) overall yield in the form of colorless oil.

'HNMR (400.1 MHz, CDCls): 0.86-0.90 (m, 6H), 1.24-1.39 (m), 1.62-1.69 (m, 8H), 3.95-4.04 (m, 8H),

5  5.97-6.33 (m, 6H).

B3C NMR (100.6 MHz, CDCl;): 13.98, 22.52, 25.19, 25.53, 29.17, 29.52, 29.57, 29.62, 31.34, 30.44,

30.48, 6591 (d, Jor =6.0), 12595 (d, Jcp = 134.1), 13531 (d, Jcp=2.0).

'P{'H} NMR (162.0 MHz, CDCl;): 19.74.

IR vyax {KBr) 3090 {vw); 2958 (s), 2930 (vs), 2871 (m), 2857 (5), 1614 {w), 1468 (m), 1458 (w), 1434
10 (w), 1400 (m), 1380 (w), 1279 (w), 1241 (s), 1058 (s), 1038 (s), 1010 (vs), 998 (vs), 861 (w), 606 (w).

HR-MS(ESI?) For C30Hs106P> (M+H)" calcd 579.39379, found 579.39286.

Example 24: Octane-1,8-diyl dipentyl bis(vinylphosphonate)

0
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15  Octan-1,8-diyl dipentyl bis(vinylphosphonate) is prepared from compound in Example 2 (1.20 g, 6.73
mmol) and 1,8-dibromooctane (0.61 g, 2.24 mmmol) using general method Cin 71% (0.75 g, 1.61 mmol)
overall yield in the form of colorless oil.

'H NMR (400.1 MHz, CDCl;): 0.84-0.89 (m, 6H), 1.26-1.37 (m, 16H), 1.60-1.68 (m, 8H), 3.95-4.02
(m, 8H), 5.97-6.33 (m, 6H).
20  BCNMR(100.6 MHz, CDCls): 13.94,22.21, 25.43,27.63,29.02, 30.14,30.36 (d, Jcp= 7.0, 6.0), 64 40,
65.79(d, Jop = 6.0,5.0), 12586 (d, Jcp=184.1), 13540 (d, .Jcp = 2.0).
'P{'H} NMR (162.0 MHz, CDCl,); 20.01.
IR Vinax (KBr) 3090 (vw), 2960 (s), 2935 (5), 2873 (m), 2860 (m), 1614 (w), 1467 (m), 1400 (m), 1381
(W), 1279 (w), 1240 (s), 1381 (w), 1075 (m, sh), 1051 (s), 1017 (vs), 992 (vs), 855 (w).
25 HR-MS(ESI") For C2;H4ONaP> (M+Na)* calcd 489.25053, found 489.25015.

Example 25: Decane-1,8-diyl dipentyl bis(vinylphosphonate)

%o g"‘*‘k\

e 2
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Decane-1,8-diyl dipentyl bis(vinylphosphonate) is prepared from compound in Example 2 (1.20 g, 6.73

mmol) and 1,10-dibromodecane (0.67 g, 2.24 mmol) using general method C in 76% (0.834 g, 1.70

mmol) overall yield in the form of coloress oil.

'H NMR (400.1 MHz, CDCls): 0.85-0.92 (m, 6H), 1.25-1.39 (m, 20H), 1.62-1.70 (m, 8H), 3.97-4.04

5  (m, 8H), 5.97-6.33 (m, 6H).

B3C NMR (100.6 MHz, CDCl;): 13.95, 22.23, 25.51, 27.65, 29.13, 29.41, 30.16, 30.47 (d, Jep = 7.0,

6.0), 6588, 6591 (d,Jcp=16.0,5.0), 12592 (d, Jop=184.1), 13535 (d, Jop=2.0).

'P{'H} NMR (162.0 MHz, CDCl;): 19.76.

IR vnax {(KBr) 3085 (vw), 2956 (s), 2930 (vs), 2857 (s), 1613 (w), 1467 (m), 1458 (m), 1397 (m), 1377
10 (w,sh), 1280 (m), 1253 (vs), 1018 (vs), 1051 (s), 1074 (m), 990 (vs).

HR-MS(ESI") For CyH4sOcNaP> (M+Na)" caled 517.28183, found 517 28171.

Example 26: Dodecane-1,12-diyl dipentyl bis(vinylphosphonate)

%\E’OWW\/\WD»'%/\“
0\ 0\\\\
15  Dodecane-1,8-diyl dipentyl bis(vinylphosphonate) is prepared from compound in Example 2 (1.50 g,
8.42 mmotl) and 1,12-dibromododecane (0.92 g, 2.81 mmol) using general method C in 78% (1.15 g,
2.19 mmol} overall yield in the form of colotless oil.
'H NMR (400.1 MHz, CD>0D): 0.91-0.96 (m, 6H), 1.29-1.43 (m, 24H), 1.65-1.73 (m, 8H), 3.99-4.05
(m, 8H), 6.08-6.32 (m, 6H).
20  3C NMR (100.6 MHz, CD,OD): 12.93, 21.87, 25.24, 27.44, 28 82, 20.24, 29.25, 29.82, 30.09 (d, Jcr
=6.0), 66.03 (d, Jcp=6.0), 125.05 (d, Jcp=184.1), 13553 (d, Jcp = 2.0).
'P{'H} NMR (162.0 MHz, CDs0D); 20.44,
IR vanax (KBr) 3089 (vw), 3013 (w), 2968 (s), 2930 (vs), 2873 (s), 2857 (s), 1614 (w), 1467 (m), 1458
(m), 1434 (w), 1398 (m), 1381 (w), 1279 (m), 1253 (vs), 1052 (vs), 1020 (vs, sh), 989 (vs), 854 (mm).
25  HR-MS(ESI’) For CyHs2O¢NaP; (M+Na)* caled 54531313, found 545.31275.

Example 27: Dipentyl tetradecane-1,14-diyl bis(vinylphesphonate)

%o :':a')"\\
o7 07|
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Dipentyl tetradecane-1,14-divl bis(vinylphosphonate) is prepared from compound in Example 2 (1.50

g, 8.42 mmol) and 1,14-dibromotetradecane (1.24 g, 2.25 mmol) using general method C in 30% (1.24

g, 2.25 mmol) overall yield in the form of colorless oil.

'HNMR (400.1 MHz, CD;0D): 0.91-0.96 (m, 6H), 1.31-1.42 (m, 28H), 1.65-1.73 (m, 8H), 3.99-4.05

5  (m, 8H), 6.08-6.32 (m, 6H).

B3C NMR (100.6 MHz, CD-0D): 14.33, 23.27, 26.63, 28.34, 30.22, 30.64, 30.68, 30.75, 31.22, 31.49

(d,Jcp=7.0,6.0), 6744 (d,Jop=6.0), 12644 (d, Jop= 1851}, 136,92 (d, Jcr = 2.0).

'P{'H} NMR (162.0 MHz, CD;0D): 20.44.

IR viax (KBr) 3090 (vw), 2960 (s), 2930 (vs), 2873 (m), 2857 (s), 1467 (m), 1455 (w, sh), 1381 (w),
10 1279 (m), 1240 (s), 1050 (s), 1021 (vs, sh), 993 (vs).

HR-MS(ESI") For CxHssOcNaP> (M+Na)" caled 573.34443, found 545 34422,

Example 28: Dibutyl ectane-1,8-diyl bis(vinylphosphonate)
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Dibutyl octane-1,8-diyl bis(vinylphosphonate) is prepared from compound in Example 1 (0.63 g, 3.84
15  mmol) and 1,8-dibromooctane (0.35 g, 1.28 mmol) using general method Cin 71%(0.40 g, 0.91 mmol)
overall yield in the form of colorless oil.
'HNMR (400.1 MHz, CDCl): 0.93 (t, 6H, J,ic = 8.0), 1.36-1.45 (m, 12H), 1.62-1.70 (m, 8H), 3.97-4.05
(m, 8H), 5.98-6.34 (m, 6H).
BCNMR (100.6 MHz, CDCL): 13.46, 18.62, 25.31,28 89, 30.30, 32.36 (d, Jcr = 6.0), 65.46, 65.66 (d,
20 Jep=6.0), 12580 (d, Jep = 184.1), 135.24 (d, Jcp = 2.0).
'P{'H} NMR (162.0 MHz, CDCl»): 19.79.
IR Venax (KB1) 3091 (vw), 2963 (s), 2936 (s), 2875 (m), 2860 (m), 1614 (w), 1466 (m), 1459 (m), 1433
(w), 1400 (m), 1380 (w, sh), 1279 (m), 1241 (s), 1063 (s), 1021 9vs, br), 988 (vs), 852 (m), 606 (m).
HR-MS(ESI") For CyHOsNaP; (M+Na)* calcd 461,21923, found 461.21878.
25
Example 29: Decane-1,10-diyl dipentyl bis{vinylphosphonate)
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Decane-1,10-diyl dipentyl bis(vinylphosphonate) is prepared from compound in Example 1 (1.50 g,

%.14 mmol) and 1,10-dibromodecane (0.91 g, 3.05 mmol) using general method Cin 62%(0.88 g, 1.89

mmol) overall yield in the form of coloress oil.

'HNMR (400.1 MHz, CDCL): 0.92 (t, 6H, J.ic =8.0), 1.24-1.44 (m, 16H), 1.61-1.69 (m, 8H), 3.97-4.04

5  (m, 8H), 5.97-6.33 (m, 6H).

B3C NMR (100.6 MHz, CDCl;: 13.59, 18.74, 25.50, 29.12, 29.40, 30.46, 32.47 (d, Jcr = 6.0), 65.60,

65.88 (d, Jop =6.0), 12591 (d, Jor = 184.1), 135.36 (d, Jcp = 2.0).

'P{'H} NMR (162.0 MHz, CDCl;): 19.77.

IR viax (KBr) 3090 (vw), 3001 {vw), 2962 (s), 2935 (vs), 2850 (s), 1612 (w), 1463 (m), 1395 (m), 1271
10 (m, sh), 1250 (vs), 1068 (vs), 1025 (vs), 985 (vs), 980 (m, sh), 726 (m).

HR-MS(ESI") For Cx,HuaOeNaP; (M+Na)* caled 489.25053, found 489.24997.

Example 30: Dibutyl dodecane-1,12-diyl bis(vinylphosphonate)
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15  Dibutyl dodecane-1,12-diyl bis(vinylphosphonate) is prepared from compound in Example 1 (1.50 g,
9.14 mmol) and 1,12-dibromododecane (1.0 g, 3.05 mmol) using general method C in 65% (0.98 g,

1.98 mmol) overall yield in the form of colorless oil.
'HNMR (400.1 MHz, CDCL): 0.92 (t, 6H, J,ic = 8.0), 1.24-1.44 (m, 20H), 1.61-1.69 (m, 8H), 3.96-4.04
(m, 8H), 5.97-6.33 (m, 6H).

20  “C NMR (100.6 MHz, CDCL:): 13.72, 18.87, 25.64, 29.28, 29,61, 29.64, 30.60, 32.61 (d, Jcp = 7.0),
65.71, 66.03 (d, Jop =6.0), 126,05 (d, Jep = 183.1), 135.45 (d, Jcp = 2.0).
'P{'H} NMR (162.0 MHz, CDCl5): 19.74.
IR vy (KBr) 3086 (vw), 3007 (vw), 2959 (3), 2929 (vs), 2855 (3), 1613 (w), 1466 (m), 1397 (m), 1275
{m, sh), 1252 (vs), 1065 (vs), 1022 (vs), 985 (vs), 980 (m, sh), 721 (m).

25  HR-MS(ESI") For C2sHssO6P2 (M+H)" caled 495.29989, found 495.29965.

Example 31 Dibutyl tetradecane-1,14-diyl bis(vinylphosphonate)
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Dibuty] tetradecane-1, 14-diyl bis(vinylphosphonate) is prepared from compound in Example 1 (1.50 g,

%.14 mmol) and 1,14-dibromododecane (1.09 g, 3.05 mmol) using general method C in 81% (1.29 g,

2.47 mmol) overall yield in the form of colorless oil.

'HNMR (400.1 MHz, CDCL): 0.91 (t, 6H, J.ic =8.0), 1.23-1.43 (m, 24H), 1.60-1.68 (m, 8H), 3.96-4.04

5  (m, 8H), 5.96-6.33 (m, 6H).

3C NMR (100.6 MHz, CDCls): 13.58, 18.73, 25.50, 29.15, 29.50, 29.55, 29.60, 30.45, 32.46 (d, Jop =

6.0),65.62,65.95 (d, Jop=16.0), 12585 (d, Jop=134.1), 135,40 (d, Jop = 2.0).

'P{'H} NMR (162.0 MHz, CDCl;): 20.04.

IR vmax (KBr) 3091 (w), 3015 (m), 2963 (m), 2931 (s), 2872 (m), 2856 (m), 1614 (w), 1467 (w, sh),
10 1466 (w), 1400 (m), 1277 (m, sh), 1240 (m), 1020 (s), 988 (s), 980 (m, sh), 857 (w), 606 (w).

HR-MS(ESI") For CyHs:0eNaP> (M+Na)" caled 545.31313, found 545 31335.

Example 32 hexane-1,6-diyl di((Z)-non-3-en-1-yl) bis(vinylphosphonate)
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15 hexane-1,6-diyl di((Z)-non-3-¢cn-1-y1) bis(vinylphosphonate) is prepared from compound in Example
11 (2 2, 8.61mmol) and 1,14-dibromhexane (0.74 g, 3.01 mmol) using general methoed Cin 23%(1.1g,
2 mmol) overall yield in the form of colorless oil.
'H NMR (401 MHz, Chloroform~d) 5 0.91 (t, J= 7.0 Hz, 6H); 1.24 — 1.47 (m, 16H); 1.64 — 1.77 (m,
4H); 2.01 — 209 (gqd, J= 7.3, 1,6 Hz, 4H}); 2.34 — 2.56 {m, 4H); 4.03 (qd, J = 6.9, 4.5 Hz, 8H), 5.30 -
20 5.59(m, 4H); 5.98 — 6.41 (m, 6H).
13 NMR (101 MHz, CDClL;) § 14.04; 22 54; 25.14; 27.32; 28.66 (d, J = 6.4 Hz); 29.20; 30.34 (d, J =
6,4 Hz); 31.46; 65,23 (d, J= 5.8 Hz), 65.65 (d, J = 5.8 Hz); 76.68; 77.00; 77.32; 123.67; 12577 (d, J =
184.1 Hz); 133.31; 135.58 (d, /= 2.0 Hz).
'P{'"H} NMR (162.0 MHz, CDCl5): 20.09.
25 IR vmux (CHCL3) 3090 (vw), 2959 (s), 2931 (s), 2872 (m), 2859 (m), 1653 (vw), 1614 (w), 1468 (w),
1455 (w, sh), 1434 (vw), 1400 (w), 1380 (w), 1279 (w), 1240 (s), 1070 (m, sh), 1054 (s), 1004 (vs), 986
(s, sh).
HR-MS(ESI") For Cx»Hs:06P2 (M+H)" vealed 547.33119, found 547.33133,
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Example 33 Diisobutyl tetradecane-1,14-diyl bis(vinylphosphonate)
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Diisobutyl tetradecane-1,14-diyl bis(vinylphosphonate) is prepared from the compound from Example
5 14 (527 mg, 3.21 mmol) and 1, 14-dibromotetradecane, (381 mg, 1.07 mmol) using general method C

in 89% (496 mg, 0.95 mmol) overall yield in the form of colorless oil.
'H NMR (401 MHz, Chloroform-d) 5 6.38-5.96 (m, 6H), 4.08-3.96 (m, 4H), 3.77 (&, J=6.7, 1.0 Hz,
4H), 1.94 (dp, J = 13.3, 6.7 Hz, 2H), 1.66 (dt, J = 8.2, 6.5 Hz, 4H), 1.44-1.20 (m, 20H), 0.94 (d, J =
6,7Hz, 12H).

10  *'PNMR (162 MHz, Chloroform-d) 5 19.95.
3C NMR (101 MHz, Chloroform-d) 8 135.53, 125.97 (d,.J=184.6 Hz), 71.92 (d, J= 6.1 Hz), 66.09 (d,
J=6.0 Hz), 30.62 (d, /= 6.3 Hz}, 29.76, 29.70, 29.65, 2931 (d, J= 7.3 Hz), 29.30, 25.66, 18 .86.
IR viax{ CHCL3) 3091 (vw), 2964 (s), 2929 (vs), 2875 (m), 2856 (s), 1614 (w), 1471 (m), ~1458 (w, sh),
1400 (m), 1370 (w), 1279 (m), 1239 (s), ~1048 (s, sh), 1012 (vs), ~988 (s, sh).

15  HR-MS(ESI"): For CaHs:06P2 (M + H)" m/z calculated 523.33119, found 523.33167 + 0.91003 ppm.
For C2sH520sNaPz (M + Na)* m/z calculated 545.31313, found 545.31342 + 0.51726 ppm.

Example 34 Diisobutyl dodecane-1, 12-diyl bis(vinylphosphonate)
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20  Dhisobutyl dodecane-1,12-diyl bis(vinylphosphonate) is prepared from the compound from Example
14 (523 mg, 3.19 mg) and 1,12-dibromododecane, (98 %, 356 pL, 1.06 mmol) using general method
C in 69% (360 mg, 0.73 mmol) overall yield in the form of colorless oil.
'H NMR (401 MHz, Chloroform-d) 8 6.60-5.95 (m, 6H), 4.01 (q, J = 6.9 Hz, 4H), 3.77 (d, J = 6.6,
1.6 Hz, 4H), 1.94 (dt, /= 13.3, 6.7 Hz, 2H), 1.65 (dt, /= 8.1, 6.6 Hz, 4H), 1.47-1.21 {m, 16H), 0.94 (d,
25  J=6.7 Hz, 12H).
1P NMR (162 MHz, Chloroform-d) & 19.95.
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13C NMR (101 MHz, Chloroform-d) & 135.54, 125.96 (d,J= 184.7 Hz), 71.92(d, J= 6.2 Hz), 66.08 (d,
J=6.0 Hz), 30.61 (d, = 6.4 Hz), 29.66, 29.63, 29.30 (d, = 7.6 Hz), 29.30, 25.65, 18.88.

IR Vaurd CHCl5) 3090 (vw), 2964 (s), 2930 (vs), 2875 (m), 2856 (s), 1614 (w), 1471 (s), 1399 (s), 1370
(m), 1279 (m), 1240 (vs), 1167 (w), 1047 (vs, sh), 1012 (vs, vbr), ~988 (vs, sh), ~965 (s, sh), 862 (m).
HR-MS(ESI"); For C24HysOsNaP; (M + Na)" m/z calculated 517.28183, found 517.28131 + 1.00971
ppm.

Example 35 Hexan-1,8-diyl dihexyl bis({2-(bis(3-aminopropyl)amino)ethyl)phosphoenate)

hexahydrochloride
C Ce
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Hexan-1,8-diyl dihexyl bis((2-(bis(3-aminopropyl)amino)ethyl)phosphonate) hexahydrochlonde is
prepared from the compound from Example 3 using general methods C, D, and E, in ther form of
white amorphous solide in 28% (0.41 g, 0.41mmol) overall yield.

'H NMR (500.2 MHz, CD;0OD): 0.90 — 0.95 (m, 6H, CHs(CH2)sCH;0); 132 — 1.52 (m, 16H,
CHs3(CH;);CH,CH;0, OCH,CH(CH;);CHCH;0); 168 - 180 (m, &H, CHi:(CH;);CH,CH:0O,
OCH,CH(CH,),CH>CH-0); 2.16 — 2.26 (m, $H, NCH;CH;CH;NH,); 2.50 — 2.61 (m, 4H, PCH,CH,N);
3.11 (t, 8H, L. = 7.5, NCH,CH,CH;NH:); 3.36 — 3.43 (m, 3H, NCH,CHCH,NH,); 3.43 - 3.50 (m, 4H,
PCH;CH,NY); 4.09 — 421 (m, 8H, CH3(CH:);CH.CH»0, OCH,CHz(CH2)CH.CH;0).

13C NMR (125.8 MHz, CD;0D): 14.37 (CH3(CH,)sCH,0); 21.33, 21.35 (d, Jcp = 140.8, PCH,CH,N),
2326 (NCH,CH,CH.NH.); 2381, 2614, 2615 2629 (CHxCH,);CH.CH,0,
OCH,CH»(CH,):CH,CH,0); 3137, 3140, 3155 (d, Jop = 59, CHyCHz):CH,CH,O,
OCH,CH(CH,);CH,CH;0); 32.49 (CH:;(CH.);CH.CH;0);, 3790 (NCH.CH,CH:NH,),; 48387
(PCH:CH,N); 51.07 (NCH,CHCH:NH:);, 68.05, 68.08, 68.25 (d, Jop = 6.7, CH3(CH:);CH,CH,O,
OCH:CHz(CH:)>:CH2CHz0).

3psIHY NMR (202.5 MHz, CDs0D): 26.62.

IR Vs (CHCI:) 2957 (vs), 2933 (vs), 2860 (s), 2745 (s, br), 2640 (m, br), 2558 (m, br), 2051 (w, br),
1615 (m, br), 1513 (w, br), 1468 (m), 1397 (w, br), 1379 (w, sh), 1265 (m, sh), 1229 (m, br), 1060 (m),
1040 (m, sh), 998 (s).

HR-MS(ESI"): For C34HgOsPz (M + ZH)** z=2 m/z calcd 365.28018, found 365.28030.
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Example 36 Hexan-18-diyl dioctyl bis((2-(bis(3-aminopropyl)amino)ethyl)phosphonate)

hexahydrochloride
O
O. i
P O g O
+ H /l/ © ﬁ
P AN
HsN N H +
3 + ~ N:ﬁ\/\NHa
6Cl
+
HaN I-GH3

Hexan-1,8-diyl dioctyl bis((2-(bis(3-aminoproepyl)amino)ethyl)phosphonate) hexahydrochloride
5  is prepared fro the compound from Example 5 using general methods C, D, and E, in ther form of
white amorphous solide in 28% (0.41 g, 0.4 1mmol).
'H NMR (500.0 MHz, CD:0OD): 0.88 - 093 (m, 6H, CH3(CH:)¢CH20); 1.26 — 1.52 (m, 24H,
CH:(CH2)sCH.CH,0, OCH,CHACH:z),CH.CH,0), 167 - 1.79 (m, 8H, CH3(CH:2);CH:CH:0,
OCHCHXCH:),CH;CH:0);, 2.17 — 227 (m, $H, NCH,CH;CH,NH,); 2.52 — 262 (m, 4H,
10 PCH:CH:N); 3.11 (t, 8H, Jic = 7.5, NCH,CH,CH>NH:); 3.36 — 3.45 (in, 8H, NCH,CH,;CH:NH>); 3.42
- 3.51 (m, 4H, PCH>CH;N); 4.07 — 4.23 (m, 8H, CH3(CH;)sCH,CH:0, OCH>CH:(CH>)CH,CH;0).
*C NMR (125.7 MHz, CD0D): 14.47 (CH3(CHz)¢CH:0); 21.28, 21.31 (d, Jcr = 140.5, PCHCH:N);
2321 (NCHCH,CH:NH), 23.73, 26.14, 26.16, 26.63, 30.28, 3037 (CHs(CH:)sCH;CH,O,
OCHCHx{CH2)CHCH-0); 3136, 3140, 3160 (d, Jep = 6.0, CH:(CH:)sCH.CH:0,
15 OCH:CHCH:»CH:CH:0); 3299 (CH:(CH:)sCH:CH:0); 37.86 (NCH.CH:CH:NH:); 48.83
(PCH>CH;:N); 50.98 (NCH,CH:CH;NH,): 63.01, 68.03, 6822 (d, Jep = 6.6, CHs(CH,)sCH,CHSO,
OCH.CHx(CH:):CH.CH-0).
HP{'H} NMR (202.4 MHz, CD;0D): 27.32.
HR-MS(ESI*): For C3sHssNsO6P> (M+2H)** z=2 m/z calcd 393.31148, found 393.31156.

20

Example 37 Octane-1,8-diyl dipentyl bis((2-(bis(3-aminopropyl)amino)- ethyl)phosphonate)
hexahydrochloride

M 0“" n

-..,_0 0-.. ll:: ,Ov‘\/\

+ H O

HaN " N7 - H .
3 6CI NMNH3
+
H3N .
NHy

Octane-1.8-diyl dipentyl bis{((2-(bis(3-aminopropyl)amino)ethyl)phosphonate} hexahydrochloride is
25  prepared from compound in Example 24 (0.50 g, 1.0 minol)
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using general methods D and E, in the form of a white amorphous solid in overall yield 33% (0.54 g,
0.57 mmol).

'H NMR (400.1 MHz, CD:0D): 0.92-0.96 (m, 6H), 1.36-1.44 (m, 16H), 1.69-1.76 (n, 8H), 2.17-2.25
(m, 8H), 2.49-2.59 (m, 4H), 3.11 (t, 8H, Jiic = 8.0), 3.37-3.42 (m, 8H), 3.44-3 48 (m, 4H), 4.11-4.16 (m,
8H).

BCNMR (100.6 MHz, CD;0DY): 14.34,21.28 (d, Jop= 139.8), 23.29, 26.54, 28.79, 30.15, 30.16, 31.29,
31.56(d, Jop = 6.0),37.89,48.84, 51.07,68.22 (d, Jep=7.0).

Hp{'H} NMR (162.0 MHz, CD;0D): 28.40.

IR vyax {KBr) 2933 (s), 2634 (5), 2558 (m), 1600 (m), 1467 (m}), 1224 (m), 1173 (m, sh), 1070 (m, sh),
1047 (s), 997 (s).

HR-MS(ESI?): For C34H7sN:O06P> (M+H)" caled 729.55290, found 729.55308.

Example 38 Dihexyl octane-1,8-diyl bis((2-(bis(3-aminopropyl)amineo)ethyl)- phosphonate)

hexahydrochloride
Mo“- i
\O 0\ P/OW
+ AN H 6
H3N NT = H .
6ClI N NS NH,
+
NH5

Dihexyl octane-1,8-diy] bis{(2-(bis(3-aminopropyl)amino)ethyl)phosphonate) hexahydrochloride is
prepared from compound in Example 21 (0.78 g, 1.58 mmol)

using general methods D and E, in the form of a white amorphous solid in overall yield 57% (0.88 g,
0.90 mmol).

'H NMR (400.1 MHz, CD;0D): 0.90-0.94 (m, 6H), 1.33-1.46 (m, 20H), 1.69-1.77 (m, $H), 2.17-2.25
(m, 8H), 2.48-2 58 (m, 4H), 3.11 (t, 8H, J.ic = 8,0), 3.34-3.41 {m, 8H), 3.43-3.49 (m, 4H), 4,11-4,16 (m,
8H).

13C NMR (100.6 MHz, CD;0D): 12.98, 19.90 (d, Jcp= 140.8), 21.89, 22.23, 2490, 25.16, 2878, 31.10,
30.17(d, Jep = 6.0), 36.49, 47 42, 49 .68, 66.80, 66.86 (d, Jep= 7.0, 6.0).

3p{'H} NMR (162.0 MHz, CD30D): 28.42.

TR viax {(KBr) 2966 {(m), 2931 (m), 2872 (m), 2623 (w), 2553 (w), 1470 (m), 1384 (w), 1236 (w), 1050
(m), 1000 (m).

HR-MS(ESI*): For CiHzasNsOeP2 (M+2H)** calcd 379.29583, found 379.29553.

Example 39 Decane-1,10-diyl diisobutyl bis(vinylphosphonate)
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Decane-1,10-divl diisobutyl bis(vinylphosphonate) is prepared from the compound from Example 14

(500 mg, 3.05 mmol) and 1,10-dibromodecane (97 %, 314 pL, 1.01 mmol) using general method Cin
5 88% (416 mg, 0.89 mmol) overall vield in the form of colorless oil.

'H NMR (401 MHz, Chloroform-d) & 6.37-5.94 (m, 6H), 4.01 (q, J= 6.8 Hz, 4H), 3.77 (id, J = 6.6,

1.6 Hz, 4H), 1.94 (dp, ./ = 13.4, 6.7 Hz, 2H), 1.72-1.61 (m, 4H), 1.42-1.21 (m, 12H),0.93(d, /= 6.7 Hz,

12H).

3P NMR (162 MHz, Chloroform-d) § 19.92.

10 BC NMR (101 MHz, Chloroform-d) & 135.56 (d, J=2.0Hz), 12594 (d, J=1844 Hz), 71.92 (d,
J=60Hz), 66.04 (d, J=359Hz), 30.60 (d, J=6.3 Hz), 29.54, 29.33, 29.25, 25,63, 18.86 (d,
J=19Hz).

IR vinax{TCHCl3) 3091 (vw), 2964 (s), 2932 (vs), 2875 (m), 2857 (s), 1614 (w), 1471 (s), 1399 (s), 1370
(m), 1278 (s), 1240 (vs), 1167 (w), ~1047 (s, sh), 1013 (vs, br), ~990 (vs, sh), ~965 (s, sh), 862 (m).

15  HR-MS(ESI"): For C2HsOsNaP: (M + Na)* m/z calculated 489.25053, found 489.25012 + 0.83547

ppm,

Example 40 Diisobutyl decane-1,10-diyl bis({2-(bis(3-aminopropyl)amino)ethyl)-phosphonate)
hexahydrochloride

HQN\_/_N/_\—NHQ

Lo L

R

0
O O

"~ I’
SFL.O/\I/
N\ NH
20 2 S
Diisobutyl decane-1,10-diyl bis((Z-(bis(3-aminopropyl)amino)cthylyphosphonate ) hexahydrochlonde
is prepared from the compound from Example 38 (416 mg, 0.89 mmol) using general methods D
and E in 31% (258 mg, 0.28 mmol) overall vield in the form of white amorphous powder.
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'H NMR (401 MHz, Methanol-ds) & 4.14 (g, J = 6.7 Hz, 4H), 3.90 (tt, J= 6.1, 3.2 Hz, 4H), 3.51-3.43
(m, 4H), 3.43-3.35 (m, 8H), 3.11 (t, J = 7.5 Hz, 8H), 2.74-2.47 (m, 4H), 2.21 (h,.J = 6.4 Hz, 8H), 1.98
(dt, J=13.3, 6.6 Hz, 2H), 1.83-1.65 (m, 4H), 1.53-1.27 {m, 12H), 0.99 (d, J = 6.7 Hz, 12H).

31p NMR (162 MHz, Methanol-ds) & 28.59.

13C NMR (101 MHz, Methanol-dy) § 73.92 (d, J = 7.1 Hz), 63.29 (d, J = 6.7 Hz), 51.09, 37.86, 31.63
(d, J= 5.9 Hz), 30.65, 30.47 (d, J= 6.4 Hz), 30.30, 26.63, 23.33, 21.86, 20.47, 19.02.

IR voux(KBr tab. 1 mm) 2961 (s), 2929 (g), 2855 (m), 3200-2700 (vs, vbr), 2700-2500 (m, vbr), 1610
(m), 1513 (m), 1468 (s), 1401 (m), 1369 (m), 1227 (vs), 1005 (vs), ~869 (m, sh), 851 (m), 767 (m), 725
(w).

HR-MS(ESI*): For C34H7s0NeP2 (M + H)" m/z calculated 729.55308, found 729.55268 + 0.54965 ppm.

Example 41 Dibutyl decane-1,10-diyl bis((2-(bis(3-aminopropyl)amino)ethyl)phosphonate)

hexahydrochloride

O B"o O"‘P O

1)
+ H ,r -
HeN""N% BCI H{\./\K]Hs
+*
HzN .
NH;

Dibutyl decane-1,10-diyl bis{((2-(bis(3-aminopropyl)amino)cthyl)phosphonate) hexahydrochlonide is
prepared from compound in Example 28 (0.65, 0.54 mmol)

using general metheds D and E, in the form of a white amorphous solid in 55% overall yield (0.88 g,
0,90 mmol).

'H NMR (400.1 MHz, CD;0D): 0.96-0.99 (mn, 6H), 1.35-1.50 (m, 16H), 1.67-1.76 (m, 8H), 2.17-2.25
(m, 8H), 2.48-2.58 (m, 4H), 3.10 (t, 8H, Jic = 8.0), 3.35-3 .41 (m, 8H), 3.42-3.48 (m, 4H), 4.11-4.17 (m,
8H).

BCNMR (100.6 MHz, CD:0D): 13.96, 19.79, 21.27 (d, Jep= 149.8), 23.25, 26.60, 30.26, 30,59, 31,59,
33.60 (d, Jop = 6.0), 37.87, 48.85, 51.06, 67.91, 68.24 (d, Jep= 6.0).

Hp{'H} NMR (162.0 MHz, CD;0D): 28.42.

IR vgux (KBr) 2932 (vs), 2632 (m), 2558 (m), 1598 (m), 1467 (m), 1224 (m), 1172 (m sh), 1070 (m, sh),
1063 (m), 1018 (vs), 997 (m, sh).

HR-MS(ESI"): For C34H:sNs0sP2 (M+HH)" caled 729.55255, found 729.55308.

Example 42 Decane-1,10-diyl dipentyl bis({2-(bis(3-aminopropyl)amino)- ethyl)phosphonate)
hexahydrochloride

CA 03158242 2022-5-12



WO 2021/115503 PCTHCZ2020/0500%5

32
SO “\0 D‘P’OW\
[1]
+ H /r 0
HaNT"NT H .
3 6ClI NS NH
+
HzN .
NH;

Decane-1,10-diyl dipentyl bis((2-(bis(3-aminopropylDamino)ethyl)phosphonate) hexahydrochloride is

prepared from compound in Example 25 (0.83, 1.67 mmol)

using general methods D and E, in the form of a white amorphous solid in 45% overall yield (0.73 g,
5  0.75 mmol).

'"H NMR (400.1 MHz, CD>0D): 0.93-0.96 (m, 6H), 1.34-1.44 (m, 20H), 1,69-1,76 (m, 8H), 2.17-2.25
(m, 8H), 2.48-2.58 (m, 4H), 3.10 (t, 8H, Ji; = 8.0), 3.37-3.41 (m, 8H), 3.44-3.49 (m, 4H), 4.11-4.16 (m,
8H).

10 “CNMR(100.6 MHz, CD:0D): 14.35,21.25 (d, Jep= 140.8), 23.27, 23.30, 26.62, 28 80, 30.29, 30.63,
31.29, 31.61 (d, Jer = 6,0), 37,87, 48.83, 51.07, 63.20, 68.27 (d, Jep= 2.0, 3.0).
3Ip¢IH} NMR (162.0 MHz, CDs0D): 28 41.
IR Vnax (KBr) 2929 (s), 2831 (m, sh), 2677-2543 (m), 1611 (m), 1514 (m), 1467 (m), 1390 (m), 1263
(m), 1228 (s), 1077-991 (s).

15  HR-MS(ESI"): For CsHg:NsOsP; (M+H)" caled 757.58403, found 729.58438,

Example 43 Decane-1,10-diyl dihexyl bis((2-(bis(3-aminopropyl)aming)- ethyl)phosphonate)

tetrahydrochloride
0
\/Wo“l':') O. _O
e
+ H O
HaN™ ~"""N% - +
3 6Cl HMNHS
+
HaN .
NH4

20 Decane-1,10-diyl dihexyl bis((2-(bis(3-aminopropyl)amino)ethyl)phosphonate) tetrahydrochloride is
prepared from compound in Example 22 (0.65, 1.24 mmol)
using general methods D and E, in the form of a white amorphous solid in 61%% overall yield (0.70 g,
0.76 mmol).
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'H NMR (400.1 MHz, CD;OD): 0.91-0.94 (m, 6H), 1.33-1.46 (m, 24H), 1.67-1.76 (m, 8H), 2.16-2.24
(m, 8H), 2.47-2.57 (m, 4H), 3.10 (t, 8H, Jic = 8.0), 3.35-3.40 (m, 8H), 3.42-3.48 (m, 4H), 4.10-4.16 (m,
8H).

BC NMR (100.6 MHz, CD;0D): 12.98,19.80 (d, Jop= 140.8), 21.91,22.23, 24.91,25.24, 28.91, 29.26,
30.02 (d, Jep = 6.0, 5.0), 31.11, 36.48, 47.64, 49.68, 66.85 (d, Jo» = 7.0)

31p {'H} NMR (162.0 MHz, CD;0D); 28.45.

IR Viex (KBF) 2974 (m), 2927 (W), 2895 (w), 2635 (w), 2510 (w), 1601 (w, sh), 1383 (w), 1273 (w),
1089 (m), 1050 (m).

HR-MS(ESI"): For CssHg7NsOsP2 (M+H)* calcd 785.61568, found 785.61479.

Example 44 Decan-1,10-diyl dioctyl bis((2-(bis(3-aminopropyl)amino)cthyl)- phosphonate)
tetrahydrochloride

Cio Cs
\/\/\/\/O\g Oo. 0O
N N\ e Y
0 e
+ H O\L
NS H .
HsN N, NI’\/\NH‘Q,
6Cl~
N +
HaN N3

Decan-1,10-diyl diokty] bis((2-(bis(3-aminopropyl)amino)ethyl)- phosphonate) tetrahydrochloride se
is prepared from the compound from Example 5 using general metheds C, D, and E, in the form of a
white amorphous solid in overall yield 32 % (1.18 g, 1.12 mmol).

'H NMR (500.2 MHz, CD;0OD): 0.88 — 0.93 (m, 6H, CH3(CH2)sCH,0); 1.26 — 1.46 (m, 32H,
CH;(CHz)sCHCH0, OCH:CHx(CH)sCH.CH>0); 168 — 1.76 (m, 8H, CH;(CHz)sCH,CH:O,
OCH>CH»(CH2)sCH2CH;0); 2.17 - 2.26 (m, 8H, NCH,CH>CH>NH>); 2.49 —2.59 (m, 4H, PCH>CH:N);
3.11 (t, 8H, Jiic = 7.5, NCH,CH.CH,NH,); 3.36 — 3.43 (n, 8H, NCH,CH,CH,NHy); 3.43 — 3.49 (m, 4H,
PCH.CH:2N); 4.10 —4.16 (m, 8H, CH3(CHz2)sCH2CH>0, OCH2CH>(CH2)sCH>CH-0).

3C NMR (125.8 MHz, CD;OD): 14.45 (CH3(CHz)sCH:0); 21.28 (d, Jcp = 140.2, PCH,CH:N); 23.22
(NCHCHCHoNH»); 23.69, 26.62, 26.64, 30.24, 30.29, 30.34, 30.62 (CHs(CH»)sCH.CH-O,
OCH,CHx(CH,){CH,CH,0); 3158, 3159 (d, Jep = 5.8, CH;sCHy)sCH,CH,0,
OCH:CH»(CH2)sCH2CH:0); 32.96 (CHs(CHz)sCH:CH:0); 37.88 (NCH.CH:CH:NH); 48.85
(PCH.CH:N); 51.04 (NCHCH.CHoNHz); 6823 (d, Jep = 6.7, CHi(CH,)sCH.CH0,
OCH2CH:(CH2)sCH2CH20).

31p {'H} NMR (202.5 MHz, CD;0D): 26.64.

HR-MS(ESI") For CaoHogNsOcP, (M+2H)? calcd 421.34278, found 421.34273,

Date Regne/Date Received 2023-10-23



WO 2021/115503 PCTHCZ2020/0500%5
34

Example 45 Decan-1,10-diyl didecyl bis((2-(bis(3-aminopropyl)amino)ethyl)- phosphonate)

tetrahydrochloride
o Cio Cio
o.n
o WO
+ H O\L
HEN/\\/\ Ny H:\/\ l_:;l H3
6Cl
o +
H.N N

Decan-1,10-diyl didecyl bis{((2-(bis(3-aminopropyl)amino)ethyl)- phosphonate) tetrahydrochloride is
5  prepared from the compound from Example 6 using general methods C, D, and E, in the form of a
white amorphous solid in overall yield 46 %0 (0.41 g, 0. 41mmol).
'H NMR (500.2 MHz, CD;0D): 0.88 — 0.93 (m, 6H, CH3(CH:):CH:0); 1.25 — 1.46 (m, 40H,
CHs(CH2)»CH,CH:0, OCH>CH:xCH:z)sCH>CH,0); 168 — 176 (m, 8H, CHsi(CH:),CH,CHO,
OCH,;CH:(CH;)sCH:CH:0Y); 2.16 — 2.25 {m, 8H, NCH,CH,CH,NH>); 2.49 — 258 (m, 4H, PCH,CH;NY);
10 3,11 (t, 8H, Jic = 7.5, NCH,CHCH;NH,); 3.36 — 3.42 (m, 8H, NCH;CH,CH;NH); 3.42 - 3 49 (m, 4H,
PCH:CH:N); 4.10 — 4.16 (m, $H, CH:(CH:)CH.CH:0, OCHCHz(CH:)sCH-CH-0).
“C NMR (125.8 MHz, CDs0D): 14.46 (CH3(CH)sCH>0); 21.26 (d, Jcp = 140.3, PCH;CH;N); 23.26
(NCH:CH:CH;NH3); 23.72, 2662, 26.64, 30.29, 30.31, 3045, 30.66, 30.69 (CH3(CHz);CH.CH:0,

OCHCHCH)sCHCH:0), 3159, 3162 (d, Jop = 58, CH:{CH),CH.CH:O,

15 OCH:CHxCH:)sCH.CH:0); 33.05 (CH:(CH:):CHCH.Q); 37.87 (NCH.CH.CH.NH.); 48.83
(PCH:CH:N)Y;, 5106 (NCHCH:CHaNH:), 6824 (d, Jep = 6.6, CH3;(CH:);:CH:CH:0,
OCH;CH:(CH;)sCH,CH:0).

SP{'H} NMR (202.5 MHz, CD;0D): 26.65.

IR vy (KBr) 2956 (vs), 2925 (vs), 2854 (vs), 2675 (m, br), 2620 (m, br), 2546 (s, br), 2059 (w, br),
20 1628 (m, sh), 1607 (m), 1542 (m), 1510 (m), 1484 (m), 1468 (m), 1456 (i, sh), 1401 (w), 1390 (w),

1377 (w, sh), 1338 (vw), 1305 (w), 1227 (5), 1075 (m), 1022 (s, sh), 992 (s), 722 (w).

HR-MS(ESI") For CssHi0aNsOsP2 (M+2H)?" calcd 449.37408, found 449.37398.

Example 46 Dodecane-1,12-diy] diisobutyl bis{({2-{(bis(3-aminopropvl)amino)ethyl)-phosphonate)

hexahydrochloride
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Dodecane-1,12-diyl diisobutyl bis{(2-(bis(3-aminopropyl)amino)ecthyl)phosphonate)
hexahydrochloride is prepared from the compound from Example 33 (360 mg, 0.728 mmol) using
5 general methods D and E in 6% (43 mg, 43,6 pmol} overall vield in the form of white amorphous

powder.
'H NMR (401 MHz, Methanol-d,;) & 4.15 (dt,J= 7.8, 6.6 Hz, 4H), 3.92 (td, /= 6.6, 2.4 Hz, 4H), 3.55—
3.42 (m, 4H), 3.43-3.34 (m, 8H), 3.11 (t, /= 7.5 Hz, 8H), 2.67-2.46 (m, 4H), 2.33-2.15 (m, §H), 1.99
(dp, J= 13.3, 6.7 Hz, 2H), 1.86-1.65 (m, 4H), 1.53-1.28 (m, 16H), 1.00 (d, J= 6.7 Hz, 12H).

10 3P NMR (162 MHz, Methanol-dy) § 27.12.
BC NMR (101 MHz, Methanol-ds) & 73.92 (d, /J = 6.6 Hz), 68.29 (d, J = 6.7 Hz), 51.09, 37.87, 31.63
(d, J= 5.5 Hz), 30.74, 30.71, 30.47 (d, J= 6.4 Hz), 30.32, 26.62, 23.32, 21 .88, 20.49, 19.03.
IR viqo{ KBr tab. 1 mm) 3200-2700 (vs, vbr), 2061 (s), 2927 (5), 2854 (m), 2700-2500 (m), 1607 (m),
1510 (w), 1470 (m), 1400 (w), 1369 (w), 1226 {m), 1002 (s), ~869 (w, sh), 851 (m), 768 (w), 724 (vw),

15  HR-MS(ESI'): For CssHz;ONsP2 (M + H)* m/z calculated 757.58438, found 757.58375 + 0.83066 ppm.

Example 47 Dibutyl dodecane-1,12-diyl bis((2-(bis(3-aminopropyl)amino)ethyl)- phosphonate)

hexahydrochloride
\/\/0‘-9
~o 0‘p’0‘-/"-/
u
+ H /|/ -
HaN” >""N% 6Cl H *
NT " NHs;
+
NH3

20  Dibutyl dodecane-1,12-diyl bis({2-(bis(3-aminopropyl)amino)cthyl)phosphonate) hexahydrochloride
is prepared from compound in Example 29 (0.97, 1.96 mmol)
using general methods D and E, in the form of a white amorphous solid in overall vield 48 % (0.73 g,
0.75 mmol).
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'"H NMR (400.1 MHz, CDs0D): 0.95-0.99 (m, 6H), 1.32-1.50 (m, 20H), 1.64-1.76 (m, 8H), 2.16-2.24

(m, 8H), 2.47-2.57 (m, 4H), 3.10 (t, 8H, Ji. = 8.0), 3.35-3 40 (m, 8H), 3.44-3.46 (m, 4H), 4.10-4.17 (m,

8H).

130 NMR (100.6 MHz, CD:0D): 13.96, 19.79, 21.27 (d, Jep= 140.8), 2324, 26.60, 30.26, 30.59, 31.59,
5 33.60(d, Jop = 6.0), 37.87, 48.84, 51.05, 67.90, 68.24 (d, Jer= 6.0, 7.0)

3PS'H} NMR (162.0 MHz, CD;0D): 28.43.

IR viax (KBr) 2930 (s), 2780 (m), 2630 (m), 2557 (m), 1597 (m), 1467 (m), 1226 (m), 1168 (m, sh),

1070 (m, sh), 1064 (m), 1020 (s), 1004 (s),

HR-MS(ESI*) For C3sH7sNgOsP; (M+H)* caled 729.55308, found 729.55300.

10
Example 48 Dodecane-1,12-diyl dipentyl bis((2-(bis(3-aminopropyl)amino)ethyl)-phosphonate)
hexahydrochloride
0R
M o \0 ONP(O\/\,/"‘\
il

+ H J/ - o

HaN™ "N7 6CI H +
’ NT ™""NH,
+
HsN )
NH4

Dodecane-1,12-div] dipentyl bis((2-(bis(3-aminopropyl)amino)ethyl)phosphonate) hexahydrochloride
15  is prepared from compound in Example 26 (1.10 g, 2.10 mmol)

using general methods D and E, in the form of a white amorphous solid in overall yield 58 % (0.78 g,

0.84 mmol).

'H NMR (400.1 MHz, CD;0D): 0.93-0.96 (m, 6H), 1.34-1.44 (m, 24H), 1.69-1.76 (m, 8H), 2.17-2.25

(m, 8H), 2.49-2 59 (m, 4H), 3.11 (t, 8H, J.i; = 8.0), 3.34-3 .43 {m, 8H), 3.45-3.49 (m, 4H), 4. 10-4.16 (m,
20  8H).

3C NMR (100.6 MHz, CD;ODY): 14.35,21.27 (d, Jcp= 139.8), 23.24, 23.29, 26.62, 28.79, 30.30, 30.68,

30,71, 31,29, 31.60{d, Jop = 5.0, 6.0) 37.87, 48,86, 51.05, 638,20, 68.26 (d, Jop= 3.0, 4,0).

Mp{H} NMR (162.0 MHz, CD;0D): 28.38.

IR vyax {KB1) 2930 (vs), 2631 (m, sh), 2557 {m, sh), 1599 (m), 1467 (m), 1226 (s), 1170 (m, sh), 1065
25  (m, sh), 1032 (s, sh), 995 (s).

HR-MS(ESI") For CssHssNgO6P> (M+2H)**caled 393.31141, found 393.31148,

Example 49 Dodecan-1,10-diyl dioctyl bis((2-(bis(3-aminopropyl)amino)ethyl)- phosphonate)
tetrahydrochloride
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o C12 Cs
0. ;:"\ O. p’O
O 5\L
+ H
M H +
H3N N NMNH;;
6Cl
+
.‘.
HiN NHa

Dodecan-1,10-diyl dioctyl bis({2-(bis(3-aminopropyl)amino)ethyl)phosphonate) tetrahydrochlonide is
prepared from compound in Example 6 using general methods C, D, and E, in the form of a white
amorphous solid in overall yield 36 % (0.67 g, 0.61 mmol).

'H NMR (500.2 MHz, CD;0D): 0.88 — 0.93 (m, 6H, CH3(CH:)¢CH:0); 1.26 — 146 (m, 36H,
CHs(CH,)sCHCH.0, OCH:CHACH3)sCH>CH:0); 168 - 1.76 (m, 8H, CHi(CH:)sCH,CH,O,
OCH:CH:(CH,):CH:CH-0); 2.15 - 2.25 (m, $H, NCH.CH.CH;NH:); 2.46 —2.57 (m, 4H, PCH,CH:N);
3.10(t, 8H, Jic = 7.5, NCH,CH:CH,NH,); 3.34 - 3.41 (m, $H, NCH,CH,CH;NH;); 3.41 - 3.48 (m, 4H,
PCH:;CH;N); 4.09 — 4.16 (m, 8H, CH;(CH,)sCH.CH:0, OCH.CH:(CH,)sCH,CH;0).

*C NMR (125,8 MHz, CD;0D): 14.45 (CHs(CH.)sCH:0), 21.24 (d, Jcp = 140.4, PCHCH:N), 23.29
(NCHCH:CH;NH;); 23.71, 26.64, 26.64, 30.26, 30.35, 30.36, 30.74, 30.77 (CHx(CH;)sCH:CH.0,

OCH.CH:(CH»)sCHCH,0); 3161, 3163 (4 Jor = 58,  CHyCHz)sCH:CH,O,
OCH:CHy(CH;)sCH;CH,0), 32.98 (CHy(CH2)sCH:CH,Q); 37.88 (NCH,CH,CH,NH,); 48.80
(PCHCH;N); 5108 (NCH;CH,CH:NH:), 6826 (d, Jep = 6.7, CHy(CH:)sCH,CH:O,
OCH,CH:(CH,);CH;CH,0).

*P{'H} NMR (202.5 MHz, CD;0D): 26.67.
HR-MS(ESI") For CasHi0o0NsQsP2 (M+2H)** z=2 calcd 435.35843, found 435.35823.

Example 50 Bis(2-benzylethyl)-dodecane-1,12-diyl  bis((2-(bis(3-aminopropyl)amino)ethyl)-
phosphonate) hexahydrochloride

H,N
HaN % HCI
\_\> HCI
N HCI
0O
P
NH,
(_/ NHz
/N—/_H{/:‘I
0‘ HCI
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Bis(2-benzylethyl)-dodecane-1,12-diyl bis((2-(bis(3-aminopropyl)amino)ethyl) phosphonate)
hexahydrochloride is prepared from the compound from Example 7 (1 g, 5 mmol) and bis(3-fers-
butyloxycarbonylaminopropyl)amine (1.37 g, 4.14 mmol) using general methods C, D and E in 15%
(0.73 g, 0.73 mmol) overall yield in the form of white amorphous powder.
5  'H NMR (5002 MHz, CD;OD): 1.28-1.37 (m, 16H, OCHCH>(CH2)sCH>CH,0); 1.59-1.67 (m, 4H,

OCH,CH,(CH:);CH,CH-0); 2.13-2.22 (m, 8H, NCH,CH;CH;NH,); 2.41-2.51 (m, 4H, PCH,CH;N);
3.03 (t, 4H, Jiic = 6.6, OCHCHyPh); 3.09 (t, 8H, Jyic = 7.5, NCH:CH>CH:NH:); 3.30-3.36 (m, 12H,
NCH,CH;CH:NH:z, PCHCH:N); 3.91 4.03 (m, 4H, OCH:CH(CH:):CH-CH:0); 4.30 4.40 (m, 4H,
OCH;CHPh),

10 BCNMR(125.8 MHz, CD;0D): 21.18 (d, Jcp = 140.5, PCH,CHzN); 23.23 (NCH:CH:CH:NHz); 26 .53,
30.25, 30.64, 30.68 (OCHCH>{CH:):CH.CH20), 31.50 (d, Jcp = 6.0, OCH,CHxCH,):CH.CH-0),
3771 (4, Jep = 6.3, OCH:CH:Ph); 37.86 (NCH:CH,CH:NH); 48.68 (PCH.CH:N); 51.04
(NCH,CH,CH;NH,); 68.11 (d, Jopr = 6.8, OCH,CH((CH;xCH,CH,0), 6858 (d, Jop = 6.8,
OCH;CH;Ph).

15 *'P{'H} NMR (202.5 MHz, CD;0D): 26.48.
IR vy (KBr) 3064 (s, sh), 3015 (s), 2927 (vs), 2854 (s), 2848 (m, sh), 2635 (m, vbr), 2556 (m, vbr),
2037 (w, vbr), 1618 (m), 1607 (m, sh), 1520 (w, sh), 1497 (m), 1467, 1455 (m}), 1395 (w, br), 1256 (m,
sh), 1230 (m), 1153 (w), 1061 (m), 1009 {s), 999 (s), 847 (vw), 751 (w), 700 (m).
HR-MS(ESI'): For CasHzOsNeP2 (M + H)Y' m/2z calculated 427.29583, found 427.29547 + 0.84009

20 ppm.

Example 51 Tetradecane-1,14-diyl diisobutyl bis((2-(bis(3-aminopropyl)amino)cthyl)- phosphonate)
hexahydrochloride

HoN \_/—Ne/_\—th

o
[=4

o %

HgN/_-\—N | N,

25 Tetradecane-1,14-diyl diisobutyl bis((2-(bis(3-aminopropyl)aminc)ethyl)phosphonate)
hexahydrochloride is prepared from the compound from Example 32 (496 mg, 0.949 mmol) using
general methods D and E in 43% (409 mg, 0.407 mmol) overall yield in the form of white amorphous
powder.
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'"H NMR (401 MHz, Methanol~ds) & 4.15 (dt,J= 7.7, 6.6 Hz, 4H), 3.92 (1d,J = 6.6, 2.5 Hz, 4H), 3.52-
3.43 (m, 4H), 3.43-3.36 (m, 8H), 3.11 (t, J = 7.5 Hz, 8H), 2.64-2.45 (m, 4H), 2.22 (h, /= 7.7, 7.1 Hz,
8H), 1.99 (dp, J = 13.3, 6.6 Hz, 2H), 1.84-1 .64 (m, 4H), 1.53-1.22 (m, 20H), 1.00 (d, J = 6.7 Hz, 12H).
3P NMR (162 MHz, Methanol-ds) & 28.60.

5 3C NMR (101 MHz, Methanol-ds) 8 73.92 (d, J = 7.0 Hz), 63.29 (d, = 6.8 Hz), 51.07, 37.86, 31.62
(d,J= 5.8 Hz), 30.81, 30.76, 30.71, 30.46 (d, J = 6.3 Hz), 30.31, 26.62, 23.30, 21.87, 20.48, 19.03.
IR Vaur(KBr tab. 1 mm) 3200-2700 (vs, vbr), 2960 (s), 2926 (vs), 2854 (s), 2700-2500 (m), 1608 (m),
1511 (m), 1468 (m), 1400 (m), 1369 (w), 1227 (s), 1004 (vs), 852 (m), 768 (W), ~725 (w, sh).
HR-MS(ESI*): For CisHg70eNsP2 (M + H)* m/z calculated 785.61568, found 785.61523 - 0.57208 ppm.

10

Example 52 Dibutyl tetradecane-1,14-diyl bis((2-{bis(3-aminopropyl)amino)ethyl)phosphonate)
hexahydrochloride

Wo" 1

P\O O\ﬁzo\N
+ H
HaN" ~""N% - H +
3 6Cl NMNH3
+
HaN .
NH;

Dibuty] tetradecane-1,14-diy] bis((2-(bis(3-aminopropyl)amino)ethyl)phosphonate) hexahydrochloride
15  is prepared from compound in Example 30 (0.46, 0.88 mmol)

using general methods D and E, in the form of a white amorphous solid in overall yield 37 % (0.50 g,

0.50 mmol).

'H NMR (400.1 MHz, CD;0D): 0.95-0.99 (m, 6H), 1.31-1.50 (m, 24H), 1.67-1.76 (m, 8H), 2.16-224

(m, 8H), 2.47-2.57 (m, 4H), 3.10 (t, 8H, Jyic = 8.0), 3.35-3.42 (m, 8H), 3 .44-3.48 (m, 4H), 4.10-4.17 (m,
20  8H).

13C NMR (100.6 MHz, CD:0DY): 13,96, 21.24 (d, Jep= 140.8), 23.28, 19.80, 26.61, 30.30, 30.70, 30.75,

30.79, 31.59, 33.61 (d, Jop = 6.0), 37.86, 48.90, 51.08, 67.92, 6827 (d, Jcp= 6.0).

IP{'"H} NMR (162.0 MHz, CD:0D): 28.40.

IR v (KBr) 2966 {m), 2928 (m), 2625 (m), 1604 (m), 1468 (m), 1384 (m), 1230 (m), 1050 (m), 1021
25 (m).

HR-MS(ESI"): For C3sHsNsOsP2 (M+H)" caled 785.61506, found 785.61568.

Example 53 Tetradecane-1,14-diyl dipentyl bis({2-(bis(3-aminopropyl)amino)ethyl)-
phosphonate) hexahydrochloride
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NH;
Tetradecane-1,14-diyl dipentyl big((2-(bis(3-aminopropyl)amino)ethyl)phosphonate)

hexahvdrochloride is prepared from compound in Example 27 (0.61, 1.12 mmol)
using general methods D and E, in the form of a white amorphous solid in overall yield 57 % (0.68 g,
5  0.65 mmol),
'H NMR (400.1 MHz, CD;0D): 0.92-0.97 (m, 6H), 1.34-1.44 (m, 28H), 1.69-1.76 (m, 8H), 2.17-2.25
(m, 8H), 2.48-2.58 (m, 4H), 3.10 (t, 8H, J.i: = 8.0), 3.37-3 .43 (m, 8H), 3.44-3.49 (m, 4H), 4.10-4.16 (m,
8H).
BC NMR (100.6 MHz, CD:0D): 14.34,21.25 (d, Jcp= 139.8), 23.26, 23 30, 26.62, 28 80, 30.31, 30.70,
10 30.74,30.79,31.29,31.61 (d, Jop = 4.0, 6.0),37.87, 48.83, 51.06 (NCH,CH>CH,NH:); 68 .21, 68.27 (d,
Jep=4.0, 5.0, CH3(CH;)>CH;CH,0, OCH;CH»{CH:)10CH,CH,O).
HP{'H} NMR (162.0 MHz, CDs0D): 28 41
IR vy (KBr) 2928 (s), 2623 (m), 2553 (m), 1598 (m), 1468 {m), 1230 (m), 1171 (m), 1080 {m, sh),
1047 (m), 995 (vs).
15  HR-MS(ESI"): For CsoHoiNeOsP: (M+H)" caled 813.64643, found 813.64698.

Example 54 Dihexyl tetradecan-1,14-diyl bis((2-(bis(3-aminopropyl)amino)ethyl)-phosphonate)

tetrahydrochloride
O
RN NP N

P\ 0 . 'I::’OW

+ H O
HaN~ """N% - H +
6Cl NMNHg
+
HaN .
20 NH;

Dihexyl tetradecan-1,14-diyl bis((2-(bis(3-aminopropyl)amino)ethyl)phosphonate) tetrahydrochloride
is prepared from compound in Example 27 (085 g 147 mmol) and bis (3-rerr-
butyloxykarbonylaminopropylamine (1.95 g, 5.88 mmol) using general methods D and E, in the form
of a white amorphous solid in overall vield 65 % (0.93 g, 0.95 mmol).

25 'H NMR (400.1 MHz, CD:OD). 091-094 (m, 6H, CH;(CH:+CH:0); 1.33-144 (m, 32H,
CH3(CH3);CH,CH:O, OCH:CH(CH2)1CH,CH20), 1.69-1.76 {(m, 8H, CHs(CH::CH:CH:O,
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OCH>CHx(CH2)1CH>CH>0); 2.17-2.25 (m, 8H, NCHCH.CH;NH:); 2.48-2.57 (m, 4H, PCHCH:N);
3.10 (t, 8H, J,ic = 8.0, NCH,CH;CH,NH;); 3.37-3.41 (m, 8H, NCH;CH,CH;NH,); 3.42-3 48 (m, 4H,
PCH;CH;NY; 4.10-4.16 (m, 8H, CH3(CH2)sCH»0O, OCH:CH(CHz)10CH>CHz0).
3C NMR (100.6 MHz, CD;0D): 12.99 (CH(CH2)CH:0); 19.90 (d, Jcp = 139.8, PCHCH:N); 21.87
5  (NCH:CH,CH,NHy); 2224, 24.92, 2524, 28.92, 2932, 29.36, 29.41 (CH;CH: CHCH,CH,CH,O,

OCH,CH:(CH,)1cCH,CH:0); 29.34 (d, Jc» = 4.0, CH;(CH;):CH,CH,0, OCH,CH,(CH,),¢CH,CH,0);
31.11 (CH;CHCH,CH;CH,CH:0), 36.48 (NCHCH:CH:NH:); 4744 (PCH:CH:N), 49.68
(NCH>CH>CH,NH5); 66.82, 66.89 (d, Jcr = 2.0, CHs(CH2)4CH20, OCH:CH{CH:)10CHCH-0).
SpLIHY NMR (162.0 MHz, CDs0D): 28 40.

10 IR veux (KBr) 2925 (s), 2957 (s), 2857 (s), 2678 (m), 2488 (m, sh), 1608 (m ,sh). 1489 (m), 1467 (m),
1391 (m), 1227 (s), 1037 (m), 992 (s).
HR-MS(ESI*): For CasHsaNsOsP2 (M+2H)?* calcd 421.34278, found 421.34226.

Example 55 Dihexyl octane-1,8-diyl bis((2-(bis(2-aminoethyl)amino)ethyl)phosphonate)
15  hexahydrochloride

O
W‘voag\() Onp O~
+ [1]
H 2 0\|\
HN_~H. 6CI H/\/ﬁHa
+

NH,

+ '_:_‘H:i

Dihexyl octane-1,8-diy] bis((2-(bis(2-aminoethyl)amino)ethyl)phosphonate) hexahydrochloride is
prepared from compound in Example 21 (0.40, 0.81 mmol)
using general methods D and E, in the form of a white amorphous solid in 31% overall vield (0.21 g,
20  0.25 mmol).
'H NMR (400.1 MHz, CD;0D): 0.90-0.94 (m, 6H), 1.32-1.45 (m, 20H), 1.68-1.76 (m, 8H), 2.31-2.40
(m, 4H}), 3,10-3,26 (m, 12H), 3,29-3,31 (m, $H), 4.06-4,14 (m, 3H),
3C NMR (100.6 MHz, CD;0D): 14.38,21.78 (d, Jcp= 138.8), 23.63, 26.33, 26.54, 26 58, 30.18, 31.57,
32.51(d,Jcp=5.0),36.96,48 42, 51.50, 67.89, 6796 (d, Jcr=3.0,4.0).
25  'P{'H} NMR (162.0 MHz, CD;0D): 31.25.
IR viax (KBr) 2926 (m), 2793 (s), 2677 (m), 2617 (m), 2542 (s), 2438 {m, sh), 1611 (m), 1514 (m), 1467
(m), 1390 (m), 1228 (s), 1050 (m, sh), 990 (s).
HR-MS(ESI"): For C3oHgsN,OgP: (M-+H)" caled 701.52178, nalezeno 701.52194.

30 Example 56 Dibutyl decane-1,10-diyl bis((2-(bis(2-aminoethyl)amino)ethyl)phosphonate)

hexahydrochloride
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Dibutyl decane-1, 10-diyl bis{(2-(bis{ 2-aminoethyl)amino)ethyl)phosphonate) hexahydrochloride is
prepared from compound in Example 28 (0.83, 1.77 mmol)
using general methods D and E, in the form of a white amorphous solid 1 29% overall yicld (0.40 g,
5 0.49 mmol).

'H NMR (400.1 MHz, CD;0D): 0.95-0.99 (m, 6H), 1.34-1.50 (m, 16H), 1.66-1.75 (m, 8H), 2.25-2.33
(m, 4H), 3.10-3.16 (m, 12H), 3.23-3.27 (m, §H), 4.05-4.13 (m, 8H).
3C NMR (100.6 MHz, CD-0D): 12.57, 20.81 (d, Jcp= 138.8), 18.42, 25.23, 28.87, 29.20, 30,20, 32.20
(d, Jop=6.0), 35, 47.10 50.10, 66.2, 66.6 (d, Jcp=7.0).

10 IP{'H} NMR (162.0 MHz, CD;0D): 28.43,
IR vigx (KBr) 2961 (m), 2926 (m), 2674 (m, sh), 2551 (m, br), 1613, (m), 1467 (m), 1391 (m), 1260
(m), 1236 (m), 1066 (m, sh), 991 (m, sh).
HR-MS(ESI"): For C30H:NgOsP; (M+H)" calcd 673.49047, found 673.49048.

15
Example 57 Hexane-1,6-diyl di{((Z£)-oct-3-en-1-yl) bis((2-(bis(3-aminopropyl)amino)-
ethyl)phosphonate) hexahydrochloride

Hexane-1,6-diyl di((Z)-oct-3-en-1-y1) bis((2-(bis(3-aminopropylamino)ethy )phosphonate)
20  hexahydrochloride is prepared from compound in Example 17 (0.59, 1.14 mmol)

using general methods D and E, in the form of a white amorphous solid in 50% overall vield (0.66 g,

0.66 mmol).

'H NMR (400.1 MHz, CD;0D): 0.89-0.93 (m, 6H), 1.32-1.37 (m, 8H), 1.44-1.51 (m, 4H), 1.70-1.78

(m, 4H), 2.06-2.11 (m, 4H), 2.20-2.27 (m, SH), 2.43-2.50 (m, 4H), 2.54-2.63 (m, 4H), 3.13 (¢, 8H, J;c
25  =8.0),3.38-3.49 (m, 12H), 4.09-4.20 (m, 8H), 5.38-5.45 (m, ZH), 5.53-5.60 (m, 2H).
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13C NMR (100.6 MHz, CD;0D): 13.01,20.06 (d, Jep= 136.8), 21.83,21.99, 24.77,26.71,28.27 (d, Jep
= 6.0), 29.98 (d, Jcp = 6.0), 31.53, 36.59, 47.54, 49.65, 66.23 (d, Jcp = 7.0), 66.67 (dd, Jcp = 7.0, 2.0),
123.68, 132.89.
3Ip{'H} NMR (162,0 MHz, CD:0D): 28 46.

5 IR vy (KBr) 3432 (m, br), 3015 (s), 2957 (vs), 2931 (vs), 2872 (s), 2500-2300 (vs, vbr), 1611 (m),
1467 (m), 1380 (w, sh), 1228 (m), 1055 (s), 1003 (s).
HR-MS(ESI"): For C3sHgsOsNgP, (M+2HY* caled 391.29583, found 391.29589.

Example 58 Di((Z)-oct-3-en-1-yl) pentane-1,5-diyl bis({2-(bis(3-aminopropyljamino)ethyl)-
10 phosphonate) hexahydrochloride

\l\I\ND\ 0
‘OMO-..

+ HNMNH;,

NH;
Di((Z)-oct-3-en-1-yl) pentane-1,5-diyl bis((2-(bis(3-aminopropyl )amino)ethyl)phosphonate)
hexahydrochloride is prepared from compound in Example 16 (0.54, 1.07 mmol)
using general methods D and E, in the form of a white amorphous solid in 51% overall yield (0.53 g,
15 0,54 mmot),
'H NMR (400.1 MHz, CD;0D): 0.90-0.93 (m, 6H), 1.28-1.39 (m, 8), 1.51-1.59 (m, 2H), 1.74-1.81 (m,
4H), 2.06-2.11 (4H), 2.21-2.28 (m, 8H), 2.45-2.51 (m, 4H), 2.57-2.66 (m, 4H), 3.14 (t, 8H, Jic = 7.5),
3.42-3.50 (m, 12H), 4.09-4.22 (m, 8H), 5.39-5.45 (m, 2H), 5.52-5.58 (m, 2H).
B3C NMR (100.6 MHz, CD;0D): 13.0, 20.13 (d, Jcp= 139.8), 21 .43, 21.82, 2199, 26.72, 28 27 (d, Jcr
20 =6.0), 2958 (d, Jop = 6.0), 31.53, 36.62, 47.57, 49.65, 66.25 (d, Jop= 6.0}, 66.59 (dd, Jcr = 6.0),
123.71, 132 87.
YP{'H} NMR (162.0 MHz, CD-0D): 28 45.
IR vigx (KBr) 34335 (s, br}, 3015 (m, sh), 2957 (m), 2927 (m), 2872 (m), 2857 (m}, 2500-2300 (m, br),
1626 (w), 1467 (w), 1379 (w), 1275 (w, sh), 1226 (w), 1004 (m).
25 HR-MS(ESI*):For C37Hs:OsNeP2 (M+2H)** calcd 38428801, found 384.28824.

CA 03158242 2022-5-12



WO 2021/115503 PCTHCZ2020/0500%5

Antibacterial activity

Antibacterial activity is measured using a standard microdilution method determining the minimum
5 inhibitory concentration {MIC) of a test sample that results in the inhibition of bacterial growth,
Disposable microtiter plates are used for testing. Samples are dissolved in infusion medium from brain
and heart (BHI, HiMedia Laboratics Pvt, Ltd., Czech Republic) and Mucller-Hinton broth (HiMedia
Laboraties, see above) to a final concentration ranging from 200 pg/ml to 1.5625 pg/ml. Plates are
inoculated with a standard amount of test bacteria - the density of the inoculum in the well corresponds
10 to 10°* CFU/ml (colony forming units / ml, i.e. the number of viable bacterial cells / ml). MIC values
are read after 24/48 hours of incubation at 37 °C as the minimum inhibitory concentration of the test
substance at which bacterial growth is inhibited. The minimum bactericidal concentration (MBC) is
characterized as the minimum concentration of the sample required to achieve imeversible inhibition,
i.e. to kill the bacteria after a defined incubation period. MBC is determined by the inoculation method.
15 Using an applicator, 10 pl from the well of a microtiter plate with a defined concentration of the test
snbstance is taken to inoculate the surface of blood agar (Trios, Czech Republic). MBC is determined

as the lowest concentration that inhibits the visible growth of the bacterium used on agar.

Table 2: The antibacterial activity of the prepared substances measured as MIC (which in most cases
20  comesponds to MBC at one dilution) as mentioned above. The underlined bactenial stramns are
representatives of resistant bacteria.
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34 32 >128 128 .4 4 16 >128 128 >128 128
35 0,5 2 1 0.5 0.5 1 8 1 2 2 16
36 128 | >128 | =128 16 4 =128 | =128 | =»128 | 128 128
37 2 16 16 1 05 2 >128 8 >128 64 32
39 128 128 64 32 8 16 128 128 >123 64 >128
40 >128 | >128 | 128 16 4 3 >128 | =128 | =128 | =128 128
41 64 16 32 2 1 2 128 128 >128 2 64
42 2 4 4 0.5 0.5 1 32 8 64 3 16

CA 03158242 2022-5-12



10

15

20

45

43 05| 1 | 05]05] 05 05] 1 1 1 1
44 2 | 4 2 2 1 1 2 2 2 1 1
45 S128 | 32 | 32 | 4 1 4 | 128 | >128 | >128 | 16 | 64
46 128 | 32 | 32 | 4 1 4 | >128 | >128 | >128 | 16 | 64
47 16 | 4 2 1 | 05 | 1 | 16 | 32 | 128 | 4 | 16
48 1 2 1 1 | 05 | 1 1 1 1 2 2
49 4 8 4 1 |05 | 4 | 32 | 16 | 128 | 8 8
50 16 | 4 1 2 | 05 | 1 2 2 8 2 1
51 16 | 4 4 2 |05 | 2 |16 | 32 | 64 | 4 | 32
52 2 4 1 1 | 05 | 1 2 2 8 2 4
53 1 2 1 | 05 ] 05 | 1 2 1 2 4

54 4 8 8 1 | 05| 1 | 64 | 16 |>128] 8 | 16
55 >128 | 64 | 128 | 2 2 4 | >128 | >128 | >128 | 64 | 32
56 4 | 4 2 2 4 | 4 | 4 4 16 | 8 4
57 2 | 16 | 16 | 1 | 05| 1 | 64 2 nd | 16 | 64
58 8 | 32 | 2 |05 | 2 | 128 4 4 nd | 32 | 64

Testing of haemolytic activity of soluble samples

Blood from three donors is mixed and centrifuged (10 min, 1000 g, 4 °C). The erythrocytes obtained are
washed three times with NaCl solution (150 mmol.1") and then used for experiments. Sample stock
solutions are prepared in DMSO so that the final concentration of DMSOQ in NaCl is 0.5 % (v/v). NaCl
solution with the appropriate volume of DMSO serves as the negative control. 1% Triton™-X100 is the
positive control. The erythrocytes obtained are diluted to 2% with NaCl solution and pipetted into
Eppendorf tubes (250 pl) with constant stirring. Samples and positive and negative controls are added
to the erythrocytes prepared in this way and incubated (3 hours, 37 °C). The tubes are stirred during the
incubation. After centrifugation (5 min, 1000 g), haemolytic activity is monitored by haemoglobin
determination. The HCso value is calculated from the measured absorbance values. The testis performed
in triplets in three independent replicates. Iron Fe** in haemoglobin is oxidized with potassium
ferricyanide to iron Fe** in methaemoglobin, which produces stable cyanomethaemoglobin with
potassium cyanide, the concentration of which is determined spectrophotometrically. After the
incubation of the erythrocytes with the substances, the cells are centrifuged (5 min, 1000 g), then
Drabkin's solution (200 ul) is added to the supernatant (40 pl) and after incubation (10 min), the

absorbance at 540 nm is measured.

Toxicity testing of soluble samples
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The toxicity testing of soluble samples was performed on a Balb/c 3T3 mouse fibroblast cell line. The
cryopreserved cells are taken out from the deep-freezer, left for 1 min at room temperature and then
sterile transferred to a 25 cm? flask with 10 ml of culture medium (DMEM, penicillin 100 Uml”, L-
glutamine 2 mmol I, streptomycin 100 mg 1", fetal calf serum 5%, neonatal calf serum 5%). The cells
are stored in an incubator saturated with water vapour at 37 °C and in an atmosphere of 5% CO;, the
medium is changed every 48 - 72 h. Afier reaching the monolayer, the cells are washed with sterile PBS
(5 ml), released by incubation with 0.25% trypsin solution with EDTA (0.5 ml; 2-3 min, 37 °C), 5 ml
of culture medium is added, and the samples are centrifuged (10 min, 1300 rpm, room temperature).
The pellet is resuspended in 20 ml of culture medium and the cells are transferred to a 75 cm? culture
flask and further cultured. After reaching the monolayer, the cells are washed with sterile PBS (10 ml),
released by incubation with 0.25% trypsin solution with EDTA (1 ml; 2-3 min; 37 °C), and resuspended
in 10 ml of culture medium. The suspension is centrifuged (10 min; 1300 rpm; room temperature). The
pellet is resnspended in 10 ml of culture medinm and the cells are used in experiments.

Stock solutions are prepared in DMSO so that the final concentration of DMSO in the medium is 0.5 %
(v/v). Control cells are prepared by incubation with an appropriate volume of DMSO.

Cell concentrations are determined by trypan blue staining. The cells are diluted in culture medium and
plated in 96-well plates at a concentration of 2x10° cells/ml at 0.2 ml per well. After incubating the
culture for 24 hours (Jouan incubator - controlled atmosphere 95 % air, 5 % C0O», stcam saturation,
37 °C), the culture medium is changed to serum-free medium containing the test substances and
incubated for 24 hours in the incubator under the above conditions. After 24 h of incubation (37 °C, 5
% CO-2), cell damage is monitored by determining mitochondrial dehydrogenase activity (MTT assay).
The ICsp value is calculated from the measured absorbance values. The test is performed in three
independent replicates.

The yellow tetrazolium salt of MTT is reduced by mitochondrial dehydrogenases of metabolically active
cells to a purple, water-insoluble formazan dye, the concentration of which, afier dissolution in an

organic solvent, is determined spectrophotemetrically at 570 nm (Sicuwerts, 1995).

Table 3: Toxicity of test substances determined by MTT test in Balb/c 3T3 mouse fibroblast line

Compound from Example HCsy + SD ICso+ SD
34 >100 >100

35 >100 12

36 >100 >100

37 >100 76.4
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39 >100 535
40 >100 >100
41 >100 413
42 74.5 19.3
43 6 2.1
44 5 4
45 >100 55.5
46 >100 31.7
47 >100 6.3
48 4 2.1
49 >100 84
50 >100 4.9
51 >100 4.5
52 56.4 2.4
53 10.6 2.1
54 >100 32
55 >100 702
56 16.8 2.7
57 34.8 62
58 70 100

Industrial applicability

The lipophosphonoxins according to the invention can be used, as antibacterial agents, as an active
ingredient in pharmaceutical compositions for the treatment of hitherto resistant bacterial infections, in

disinfectants and/or in selective culture media.

EX S

10 According to certain aspects, embodiments of the present invention as described herein include the

following items:

1. Lipopolyphosphonoxin of the general formula I
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wherein:

each X substituent is independently:

NH,

St

NH,

NH

I

Y
ST

5  whereinm = 1-3;

the Y, and Y substituents are independently:
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Hp
C CH3
o]
or CH,
n
CHy——CHj
p ;

R, Ry, R3, Ry, and Rs are independently: H-, CHs-, CH.CH3, propyl, isopropyl, isobutyl, fert-butyl,

wherein n = 0-12, , and 0 =0-12, and p = 0-12, and
CH;0-, CH,CH;0-, propoxy, isopropoxy, isobutyloxy or ferf-butyloxy;

5 and
the Z substituent is:

wherein ¢ =2-14, and r = 0-10, and s = 0-10;
10
or a diastereomer or a mixture of diastereomers of the compound of formula I, or a pharmaceutically

acceptable salt or hydrate thereof.

2. Lipophosphonoxin of general formula I according to item 1 or a diastereomer or a pharmaceutically

15  acceptable salt or hydrate thereof, and/or mixture of such compounds, for use as medicaments.

3. Lipophosphonoxin of general formula I according to item 1 or a diastereomer or a pharmaceutically

acceptable salt or hydrate thereof, and/or mixture of such compounds, for use as antibacterial drugs.
20 4. Lipophosphonoxin of general formula I according to item 1 or a diastereomer or a pharmaceutically

acceptable salt or hydrate thereof, and/or mixture of such compounds, for use in the treatment of

bacterial infections.
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5. Lipophosphonoxins of general formula I according to item 1, or their diastercomers or
pharmaceutically acceptable salts or hydrates, and/or mixtures of such compounds, for use as active
ingredients of disinfectants for non-therapeutic purposes and/or selective culture media for in vitro

cultivation of bacteria, fungi or eukaryotic cells.

6. An antibacterial drug comprising at least one lipophosphonoxin of general formula I according to
item 1, or a diastereomer or a pharmaceutically acceptable salt or hydrate thereof, and/or mixture of

such compounds, and at least one pharmaceutically acceptable excipient.

7. A disinfectant for non-therapeutic purposes comprising at least one lipophosphonoxin of general
formula I according to item 1, or a diastereomer or a pharmaceutically acceptable salt or hydrate thereof,
and/or mixtures of such compounds as the active ingredient, and at least one pharmaceutically

acceptable excipient.

8. A selective culture medium comprising at least one lipophosphonoxin of general formula I according
to item 1, or a diastereomer or a pharmaceutically acceptable salt or hydrate thereof, and/or mixtures of

such compounds as the active ingredient, and at least one solvent.

9. Use of lipophosphonoxins of general formula I according to item 1, or their diastereomers or
pharmaceutically acceptable salts or hydrates, and/or mixtures of such compounds, for the preparation

of a medicament.

10. Use of lipophosphonoxins of general formula I according to item 1, or their diastercomers or
pharmaceutically acceptable salts or hydrates, and/or mixtures of such compounds, for the preparation

of an antibacterial drug.

11. Use of lipophosphonoxins of general formula I according to item 1, or their diastercomers or
pharmaceutically acceptable salts or hydrates, and/or mixtures of such compounds, for the preparation

of a medicament for the treatment of bacterial infections.

12. Use of lipophosphonoxins of general formula 1 according to item 1, or their diastereomers or
pharmaceutically acceptable salts or hydrates, and/or mixtures of such compounds, for the preparation

of a disinfectant for non-therapeutic purposes.
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13. Use of lipophosphonoxins of general formula I according to item 1, or their diasterecomers or
pharmaceutically acceptable salts or hydrates, and/or mixtures of such compounds, for the preparation

of a selective culture medium.

14. Use of lipophosphonoxins of general formula I according to item 1, or their diastereomers or

pharmaceutically acceptable salts or hydrates, and/or mixtures of such compounds, as a medicament.

15. Use of lipophosphonoxins of general formula I according to item 1, or their diastereomers or
pharmaceutically acceptable salts or hydrates, and/or mixtures of such compounds, as active ingredients
of disinfectants for non-therapeutic purposes and/or selective culture media for in vifro cultivation of

bacteria, fungi or eukaryotic cells.

16. Use of lipophosphonoxins of general formula I according to item 1, or their diastereomers or

pharmaceutically acceptable salts or hydrate thereof for the treatment of bacterial infections.

17. Use of lipophosphonoxins of general formula I according to item 1, or their diasterecomers or
pharmaceutically acceptable salts or hydrates, and/or mixtures of such compounds, as a selective culture

medium.
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CLAIMS

1. Lipopolyphosphonoxin of the general formula I

0

Y1_O

0
\
Y4
/
0
O=—P—X
5 Y2 —0 4))

wherein:

cach X substituent is independently:

NH, | 2 HaN NHH
PR ol o

>
e )\

), %H .
JE

[

whereinm = 1-3;

10 the Y; and Y> substituents are independently:

Date Recue/Date Received 2023-10-23

or

HN

HN

NH,

NHz



53

Hp
C CH3
o]
or CH,
n
CHy——CHj
p ;

R, Ry, R3, Ry, and Rs are independently: H-, CHs-, CH.CH3, propyl, isopropyl, isobutyl, fert-butyl,

wherein n = 0-12, , and 0 =0-12, and p = 0-12, and
CH;0-, CH,CH;0-, propoxy, isopropoxy, isobutyloxy or ferf-butyloxy;

5 and
the Z substituent is:

wherein ¢ =2-14, and r = 0-10, and s = 0-10;
10
or a diastereomer or a mixture of diastereomers of the compound of formula I, or a pharmaceutically

acceptable salt or hydrate thereof.

2. Lipophosphonoxin of general formula I according to claim 1 or a diastereomer or a pharmaceutically

15  acceptable salt or hydrate thereof, and/or mixture of such compounds, for use as medicaments.

3. Lipophosphonoxin of general formula I according to claim 1 or a diastereomer or a pharmaceutically

acceptable salt or hydrate thereof, and/or mixture of such compounds, for use as antibacterial drugs.
20 4. Lipophosphonoxin of general formula I according to claim 1 or a diastereomer or a pharmaceutically

acceptable salt or hydrate thereof, and/or mixture of such compounds, for use in the treatment of

bacterial infections.
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5. Lipophosphonoxins of general formula I according to claim 1, or their diastereomers or
pharmaceutically acceptable salts or hydrates, and/or mixtures of such compounds, for use as active
ingredients of disinfectants for non-therapeutic purposes and/or selective culture media for in vitro

cultivation of bacteria, fungi or eukaryotic cells.

6. An antibacterial drug comprising at least one lipophosphonoxin of general formula I according to
claim 1, or a diastereomer or a pharmaceutically acceptable salt or hydrate thereof, and/or mixture of

such compounds, and at least one pharmaceutically acceptable excipient.

7. A disinfectant for non-therapeutic purposes comprising at least one lipophosphonoxin of general
formula I according to claim 1, or a diastercomer or a pharmaceutically acceptable salt or hydrate
thereof, and/or mixtures of such compounds as the active ingredient, and at least one pharmaceutically

acceptable excipient.

8. A selective culture medium comprising at least one lipophosphonoxin of general formula I according
to claim 1, or a diastereomer or a pharmaceutically acceptable salt or hydrate thereof, and/or mixtures

of such compounds as the active ingredient, and at least one solvent.

9. Use of lipophosphonoxins of general formula I according to claim 1, or their diastereomers or
pharmaceutically acceptable salts or hydrates, and/or mixtures of such compounds, for the preparation

of a medicament.

10. Use of lipophosphonoxins of general formula I according to claim 1, or their diastereomers or
pharmaceutically acceptable salts or hydrates, and/or mixtures of such compounds, for the preparation

of an antibacterial drug.

11. Use of lipophosphonoxins of general formula I according to claim 1, or their diastereomers or
pharmaceutically acceptable salts or hydrates, and/or mixtures of such compounds, for the preparation

of a medicament for the treatment of bacterial infections.

12. Use of lipophosphonoxins of general formula I according to claim 1, or their diastereomers or
pharmaceutically acceptable salts or hydrates, and/or mixtures of such compounds, for the preparation

of a disinfectant for non-therapeutic purposes.
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13. Use of lipophosphonoxins of general formula I according to claim 1, or their diastereomers or
pharmaceutically acceptable salts or hydrates, and/or mixtures of such compounds, for the preparation

of a selective culture medium.

14. Use of lipophosphonoxins of general formula I according to claim 1, or their diastereomers or

pharmaceutically acceptable salts or hydrates, and/or mixtures of such compounds, as a medicament.

15. Use of lipophosphonoxins of general formula I according to claim 1, or their diastereomers or
pharmaceutically acceptable salts or hydrates, and/or mixtures of such compounds, as active ingredients
of disinfectants for non-therapeutic purposes and/or selective culture media for in vifro cultivation of

bacteria, fungi or eukaryotic cells.

16. Use of lipophosphonoxins of general formula I according to claim 1, or their diastereomers or

pharmaceutically acceptable salts or hydrate thereof for the treatment of bacterial infections.

17. Use of lipophosphonoxins of general formula I according to claim 1, or their diastereomers or
pharmaceutically acceptable salts or hydrates, and/or mixtures of such compounds, as a selective culture

medium.
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