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Abstract—It has been found that the reaction of triphenylarsine with unsaturated carboxylic acids (acrylic,
maleic, and itaconic ones) supposed to yield the arsenobetaines does not occur, in contrast to similar reactions
of carboxylic acids with tertiary phosphines. However, the interaction of tertiary arsines with the halogenated
carboxylic acids has resulted in the corresponding tertiary arsonium salts, dehydrohalogenation of the latter
affording the target carboxylate betaines in the quantitative yield; the products structure has been elucidated
using a set of chemical, physical, and physico-chemical methods. Antibacterial activity of the prepared

compounds has been studied.
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The simplest arsenic-containing carboxylate betaine,
2-(trimethylarsonio)acetate, has been recognized as the
major organoarsenic component of various biological
objects, especially marine biota, constituting 95% of
the natural arsenic; it has been isolated from a number
of organisms: algae, invertebrates, marine and
freshwater shellfishes and fishes [1-3] as well as
certain types of fungi and lichens [4, 5]. Importantly,
the natural arsenobetaine found in the seafood exhibits
low toxicity (10 g/kg) [3].

The first reports on synthesis of arsenic and
phosphorus betaines date back to the early XX
century [6, 7]. The present work aimed at preparation
of novel arsenic-based biologically active compounds
and structural study of novel arsenobetaines and
arsonium salts taking advantage of modern chemical,
physical, and physico-chemical methods.

We have earlier described the methods of prepara-
tion various phosphabetaines based on tertiary phos-
phines and unsaturated mono- and dicarboxylic acids
and reported on their structure and reactivity [8—17]
(Scheme 1).

Extending those studies, we turned to arsenic, the
closest analog of phosphorus. In view of that aim, we
attempted to introduce triphenylarsine (the arsenic
analog of triphenylphosphine earlier studied in detail
by our group [8—17]) into the reaction with a series of
unsaturated carboxylic acids. The choice of the acids
(maleic, acrylic, and itaconic ones) was based on their
excellent reactivity towards triphenylphosphine having
allowed for isolation and detailed studies of the
corresponding phosphabetaines [8]. We expected that
similar reactions would occur smoothly in the case of
triphenylarsine as well (Scheme 2).

Scheme 1.
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Ph;As + HIg(CH,),COOH —>

+ _ NaOH + —
Ph3As(CH,),COOH [ Hlg  ————=  Ph3As(CH,),COO
aHlg

n=1,2,3,4; Hlg=CI, Br.

Contrary to the expectations, no distinct sign of the
reaction between the mentioned acids and triphenyl-
arsine was observed after 3—4 months, even though the
reactions with triphenylphosphine under the same
conditions occurred within several minutes to several
hours. That could be owing to either thermodynamic
instability of the arsenobetaines as compared to the
corresponding phosphabetaines, or the substantially
higher activation barrier of the arsenobetaines formation.

According to the reference X-ray diffraction data,
the CPC and CAsC bond angles are noticeably dif-
ferent [18-20]; in particular, the CPC angle in tri-
phenylphosphine is close to 103° (Fig. 1) [19, 20], and
the CAsC angle in triphenylarsine is of 99° (Fig. 2)
[18]. Hence, the phosphorus lone-electron pair in
tertiary phosphines exhibits the state close to the
tetrahedral sp® hybridization (108°), and the s orbital
contribution to that of the trivalent arsenic is about
50% (with the purely s character of the lone-electron
pair meaning the p° hybridization the bond angles
would show up the 90° angle).

w v

Fig. 1. Molecular structure of triphenylphosphine.
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Since the configuration of both phosphorus and
arsenic in the betaine structures is purely tetrahedral
(sp’, 108°), it is obvious that energy of re-hybridiza-
tion of the orbitals in the course of the reaction should
be lower in the case of phosphorus.

Apparently, the observed inactivity of triphenylarsine
was not due to thermodynamic impossibility of the cor-
responding reactions but resulted from the higher activa-
tion energy (and, hence, the much lower reaction rate).

The study on preparation, structure, and reactivity
of halide salts of carboxylate triphenylarsenobetaines
was reported two decades ago [21]. In this work we
took advantage of the same synthesis method (Scheme 3).

®-Chloro- and bromocarboxylic acids were intro-
duced in the reactions with triphenylarsine (Scheme 4).

The reactions were carried out via melt-fusion of
the starting compounds in bulk at 100°C during 25 to
50 h. The product yields were substantially different
depending on the substrate nature. In detail, the
reaction of triphenylarsine with bromoacetic acid

g

-

Fig. 2. Molecular structure of triphenylarsine.
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Scheme 4.

+
Ph;As + Hlg(CH,),COOH —> [Ph;As(CH,),COOH]HIg

1-7

n=1(1,5);2(2,6);3(3,7); 4 (4); Hlg=Cl (1-4), Br (5-7).

Scheme 5.
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afforded the arsonium salt 5 with yield of 89%,
whereas the salts yield was of 20—40% in the majority
of the studied reactions. Noteworthily, the reactions
with w-chlorocarboxylic acids afforded the products 1—
4 in the noticeably lower yields than those with -
bromocarboxylic acids. Increasing the reaction
duration up to 50 h did not affect the yield; the reaction
temperature marginally influenced the yield as well.

Structure of all the quaternary arsonium salts was
confirmed using a set of spectral methods (IR, 'H and
BC NMR spectroscopy). Table 1 lists the selected
properties of the arsonium salts 1-7. All the arsonium
salts revealed the halogen presence (the positive
Beilstein test).

The prepared arsonium salts were further used for
synthesis of the corresponding arsenobetaines 8-10.

7

To do so, the chlorine (1-3) or bromine (5-7) arsonium
salts were treated with 1 mol/L NaOH solution; the
reactions afforded the corresponding carboxylate arseno-
betaines with high yields (Scheme 5). The products
parameters are collected in Table 2.

Structure of the products was confirmed by IR, 'H
NMR, and C NMR spectroscopy. IR spectra of
arsenobetaines 8—10 did not contain the carboxylic
group absorption band (1700-1710 cm™'); instead, the
carboxylate absorption band appeared at 1570-
1610 cm ™. A broad band assigned to hydroxyl group
absorption was observed at 2800-3500 cm ', pointing
at the presence of water in the crystal structure.

Noteworthily, the arsenobetaines prepared from
different halide salts (chloride or bromide) revealed the
slightly different (by 2°C) melting points; that was

Table 1. Yields, melting points, and IR spectral data for arsonium salts 1-7

Comp. no. mp, °C Synthesis time, v, e’ Yield, %
h V(C=0) v(C-0) B(COH)
1 134 25 1700 1170 1270 27
2 158 48 1710 1160 1260 29
3 156 41 1700 1170 1270 33
4 0il 31 1705 1150 1260 20
5 177 36 1730 1170 1255 89
6 172 31 1700 1180 1220 39
7 185 30 1705 1130 1310 40
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likely owing to the minor changes of the water content
in the crystal lattice.

The presence of water in the crystal structure of the
prepared carboxylate arsenobetaines 8-10 was
unambiguously confirmed by the data of combined
DSC-TGA-MS studies. For example, the thermogram
of arsenobetaine 9a (Fig. 3) contained a pronounced
endothermic melting peak with the maximum at 131°C
and the assigned mass loss of 6%; that corresponded to
elimination of one water molecule. The presence of
water in the arsenobetaine crystal lattice coincided
with the earlier data from our [10-12] and other
research groups [21] having stated that carboxylate
betaines were inclined to incorporation of proton-
donating compounds within the crystal lattice. That
was additionally confirmed by IR spectra of the
arsenobetaines 8—10. Hence, the melting point of
compound 9a with maximum at 131°C corresponded
to melting of the crystal hydrate rather than the betaine
itself. The same was true for the other arsenobetaines.

The prepared compounds 1-10 were tested for
biological activity against the pathogenic and
conditionally pathogenic microflora of human and
animals: Staphylococcus aureus, Bacillus cereus,
Pseudomonas aeruginosa, Escherihia coli, Proteus

Composite peak:
Area—1.296 J/g
Peak 158.9°C

Composite peak:

2061

Table 2. Yields, melting points, and IR spectral data for
arsenobetaines 8-10

Comp. mp, °C vs(COS)’), vas(CQﬁ)’), v(OI:Il), Yield, %
no. cm cm cm
8a 121 1570 1360 3200 80
8b 119 1610 1380 3200 85
9a 131 1580 1370 3200 83
9b 129 1620 1390 3200 91
10a 211 1605 1380 3300 60
10b 209 1600 1370 3200 65

mirabilis, Aspergillus niger, and Candida albicans. The
highly selective antibacterial activity of compounds 7
and 8 with respect to the Bacillus cereus and
Pseudomonas aeruginosa, respectively, was revealed.
Those compounds could be recommended for deeper
investigation as potential drugs.

To conclude, the studied arsenation reactions have
allowed introduction of various substituents at tertiary
arsenic atom to prepare the corresponding arsonium salts
and carboxylate betaines. This opens a range of possi-
bilities to synthesize novel biologically active compounds.
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Fig. 3. DSC-TG curves for arsenobetaine 9a.
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'H, ®C and *'P NMR spectra (CDCl;) were
registered using a Bruker Avance-400 spectrometer. IR
spectra (Vaseline oil suspension or thin film between
KBr plates) were recorded using an IR Prestige-21
spectrometer at 400-3700 cm . Thermal stability was
studied using a STA 449C Jupiter synchronous
microthermoanalyzer (Netzsch, Germany) coupled
with a QMS 403C Aeolos quadrupole mass
spectrometer (Netzsch, Germany) at heating rate of 10
deg/min under argon atmosphere.

(2-Carboxyethyl)triphenylarsonium chloride (1).
A mixture of 1.5 g (0.0049 mol) of triphenylarsine and
0.47 g (0.0049 mol) of chloroacetic acid was melt-
fused at 100°C during 25 h. The reaction mixture was
then treated with water, and the unreacted triphenyl-
arsine was filtered off. The white crystalline product
obtained after distillation the solvent off in vacuum
was washed several times with diethyl ether, recrys-
tallized from a mixture of anhydrous ethanol and
diethyl ether, and dried in vacuum. Yield 0.54 g
(27.6%), white powder, mp 134°C. Positive Beilstein
test. IR spectrum, v, cm ': 1170 s (C-0), 1270 m
(COH), 1700 s (COOH), 3500 m (OH). 'H NMR
spectrum (D,0), 8, ppm: 4.06 s (2H, CH,), 7.45-7.64
m (15H, Ph). ®C NMR spectrum (D,0), 8¢, ppm:
59.26 (CH,), 121.75, 130.32, 132.49, 133.88 (Ph),
176.42 (COOH). Found, %: C 59.27; H 4.53; C1 9.19.
C,0H3AsClO,. Calculated, %: C 59.92; H 4.49; Cl
8.86.

(3-CarboxypropyDtriphenylarsonium chloride (2)
was prepared similarly via melt-fusion of 0.5 g (0.0016
mol) of triphenylarsine and 0.18 g (0.0016 mol) of -
chloropropionic acid at 100°C during 48 h. Yield
0.197 g (29.8%), white powder, mp 158°C. Positive
Beilstein test. IR spectrum, v, cm': 1160 s (C-O),
1260 m (COH), 1710 s (COOH), 3500 m (OH). 'H
NMR spectrum (D,0), 3, ppm: 2.87 t (2H, AsCH,, J
6.8 Hz), 3.51 t (2H, CH,COOH, J 6.8 Hz) 7.56-7.75 m
(15H, Ph). >C NMR spectrum (D,0), 8¢, ppm: 20.06
(AsCH,), 27.82 (CH,COOH), 121.16, 130.42, 132.69,
133.98 (Ph), 176.47 (COOH). Found, %: C 59.94; H
4.55; ClI 8.39. C,;H,AsCl0O,. Calculated, %: C 60.80;
H 4.83; C1 8.56.

(4-Carboxybutyl)triphenylarsonium chloride (3)
was prepared similarly via melt-fusion of 0.5 g (0.0016
mol) of triphenylarsine and 0.2 g (0.0016 mol) of ®-
chlorobutanoic acid at 100°C during 41 h. Yield 0.235
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g (33.6%), white powder, mp 156°C. Positive Beilstein
test. IR spectrum, v, cm : 1170 s (C-0), 1270 m
(COH), 1700 s (COOH), 3500 m (OH). "H NMR spec-
trum (D,0), J, ppm: 1.80 m (2H, AsCH,CH,), 2.31 t
(2H, AsCH,, J 6.8 Hz) 3.48 t (2H, CH,COOH, J 6.8
Hz), 7.37-7.54 m (15H, Ph). "C NMR spectrum
(D;0), é¢, ppm: 21.86 (AsCH,CH,), 32.43 (AsCH,),
42.43 (CH,COOH), 127.98, 128.53, 132.34, 139.79
(Ph), 178.35 (COOH). Found, %: C 61.04; H 4.95; Cl
8.21. Cy»H»AsClO,. Calculated, %: C 61.61; H 5.13;
Cl8.28.

(5-Carboxypentyl)triphenylarsonium chloride (4)
was prepared similarly via melt-fusion of 0.5 g (0.0016
mol) of triphenylarsine and 0.22 g (0.0016 mol) of ®-
chloropentanoic acid at 100°C during 42 h. Yield
0.197 g (33.7%), yellow oil. Positive Beilstein test. IR
spectrum, v, cm : 1150 s (C—0), 1260 m (COH), 1705
s (COOH), 3500 m (OH). "H NMR spectrum (CDCl5),
o, ppm: 1.72-1.88 m (4H, AsCH,CH,CH>), 2.37 t (2H,
AsCH,, J 7.0 Hz), 3.51 t (2H, CH,COOH, J 7.0 Hz),
7.25-7.45 m (15H, Ph), br. s 11.10 (OH). “C NMR
spectrum (CDCl3), 8¢, ppm: 22.00 (AsCH,CH,), 31.74
(CH,CH,COOH), 33.23 (CH,COOH), 44.43 (AsCH,),
128.53, 128.73, 1332.79, 139.69 (Ph), 179.74 (COOH).
Found, %: C 61.04; H 4.95; Cl 8.21. Cy,3H,,AsCIO,.
Calculated, %: C 62.13; H 5.40; C1 7.99.

(2-Carboxyethyl)triphenylarsonium bromide (5).
A mixture of 0.5 g (0.0016 mol) of triphenylarsine and
0.23 g (0.0016 mol) of bromoacetic acid was melt-
fused at 100°C during 36 h. The reaction mixture was
treated with diethyl ether, and the formed beige
precipitate was recrystallized from a mixture of
acetonitrile and diethyl ether. Yield 0.649 g (88.9%),
mp 177°C. Positive Beilstein test. IR spectrum, v, em b
1170 s (C-0), 1255 m (COH), 1700 s (COOH), 3500
m (OH). '"H NMR spectrum (CDCl;), 8, ppm: 5.08 s
(2H, CH,), 7.55-7.70 m (15H, Ph), br. s 9.08 (OH).
BC NMR spectrum (CDCls), 8¢, ppm: 34.46 (CH,),
121.21, 130.90, 132.90, 134.32 (Ph), 165.64 (COOH).
Found, %: C 53.90; H 3.95; Cl 18.37. C;3H24AsBrO,.
Calculated, %: 53.93; H 4.04; Br 17.98.

(3-Carboxypropyltriphenylarsonium bromide (6).
A mixture of 0.7 g (0.0023 mol) of triphenylarsine and
0.36 g (0.0023 mol) of w-bromopropionic acid was
melt-fused at 100°C during 36 h. The reaction mixture
was treated with water, the unreacted triphenylarsine
was separated off, and the solvent was distilled off in
vacuum. The orange oil formed after elimination of the
solvent was washed with diethyl ether to give the
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crystalline product. The crystals were washed with
diethyl ether several times, recrystallized from a
mixture of anhydrous ethanol and diethyl ether, and
dried in vacuum. Yield 0.42 g (29.8%), beige crystals,
mp 172°C. Positive Beilstein test. IR spectrum, v, cm
1180 s (C-0), 1220 m (COH), 1700 s (COOH), 3500
m (OH). 'H NMR spectrum (D,0), , ppm: 2.85 t (2H,
AsCH,, J 7.1 Hz), 3.50 t (2H, CH,COOH, J 7.1 Hz)
7.54-7.73 m (15H, Ph). *C NMR spectrum (D,0), 3,
ppm: 20.14 (AsCH,), 27.88 (CH,COOH), 121.37,
130.44, 132.69, 134.32 (Ph), 174.55 (COOH). Found,
%: C 54.19; H 4.55; Br 18.39. C;HAsBrO..
calculated, %: C 54.90; H 4.58; Br 17.43.

(4-Carboxybutyl)triphenylarsonium bromide (7).
A mixture of 0.7 g (0.0023 mol) of triphenylarsine and
0.39 g (0.0023 mol) of w-bromobutanoic acid was
melt-fused at 100°C during 32 h. The reaction mixture
was treated with water, the unreacted triphenylarsine
was separated off, and the solvent was distilled off in
vacuum. The orange oil formed after elimination of the
solvent was washed with diethyl ether to give the
crystalline product. The crystals were washed with
diethyl ether several times, recrystallized from a
mixture of anhydrous ethanol and diethyl ether, and
dried in vacuum. Yield 0.44 g (40%), beige crystals,
mp 185°C. Positive Beilstein test. IR spectrum, v, cm
1130 s (C-0), 1310 m (COH), 1705 s (COOH), 3500
m (OH). '"H NMR spectrum (D,0), 8, ppm: 1.99 m
(2H, AsCH,CH,), 2.51 t (2H, AsCH,, J 7.1 Hz), 3.34 t
(2H, CH,COOH, J 7.1 Hz), 7.55-7.78 m (15H, Ph).
BC NMR spectrum (D,0), 8¢, ppm: 18.29 (AsCH,CH,),
23.04 (AsCH,), 33.77 (CH,COOH), 120.62, 130.51,
132.67, 133.79 (Ph), 176.44 (COOH). Found, %: C
55.17; H 4.54; Br 16.18. C;H»,AsBrO,. Calculated,
%: C55.81; H4.65; Br 16.91.

2-(Triphenylarsonio)acetate (8a). 1.1 mL of 1 mol/L
alcoholic solution of NaOH was added to a solution of
0.45 g (0.0011 mol) of compound 1 in 3 mL of aceto-
nitrile. The formed precipitate of NaCl was filtered off,
and the solvent was distilled off in vacuum. The
formed reaction product was recrystallized from a
mixture of ethanol and diethyl ether. Yield 0.33 g
(80%), white powder, mp 121°C. Negative Beilstein
test. IR spectrum, v, cm ' 1150 s (C-0), 1360 m
(CO0"), 1570 s (COOY), 3200 m (OH). 'H NMR
spectrum (D,0), 8, ppm: 2.64 s (2H, CH,), 7.30-7.60
m (15H, Ph). BC NMR spectrum (D,0), &¢c, ppm: 34.55
(CHy), 121.94, 130.66, 131.92, 134.17 (Ph), 174.22
(COOH) Found, %: C 6217, H 4.67. C20H17ASOZ'
H,O. Calculated, %: C 62.83; H 4.97.
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2-(Triphenylarsonio)acetate (8b) was prepared
similarly from 0.35 g (0.0008 mol) of compound 5 and
0.8 mL of 1 mol/L alcoholic solution of NaOH. Yield
0.24 g (85%), white powder, mp 119°C. Negative
Beilstein test. IR spectrum, v, cm': 1140 s (C-O),
1380 m (COO), 1610 s (COO"), 3200 m (OH). 'H
NMR spectrum (D,0), 3, ppm: 2.68 s (2H, CH,), 7.30-
7.60 m (15H, Ph). *C NMR spectrum (D,0), 8¢, ppm:
34.51 (CH,), 122.44, 130.28, 133.50, 133.71 (Ph),
175.01 (COOH). Found, %: C 62.04; H 4.58. CyH;7AsO;
H,O. Calculated, %: C 62.83; H 4.97.

3-(Triphenylarsonio)propanoate (9a) was prepared
similarly from 0.40 g (0.0010 mol) of compound 2 and
1 mL of 1 mol/L alcoholic solution of NaOH. Yield
0.32 g (83%), white powder, mp 131°C. Negative
Beilstein test. IR spectrum, v, cm™': 1160 s (C-O),
1370 m (COO"), 1580 s (COO"), 3200 m (OH). 'H
NMR spectrum (D,0), 8, ppm: 2.57 t (2H, AsCH2, J
7.0 Hz), 3.44 t (2H, CH2COOH, J 7.0 Hz), 7.54-7.70
m (15H, Ph). ®C NMR spectrum (D,0), 8¢, ppm:
21.94 (AsCH,), 30.30 (CH,COOH), 122.17, 130.32,
132.69, 133.70 (Ph), 177.55 (COOH). Found, %: C
62.86; H 5.04. C,;H;9AsO,'-H,0. Calculated, %: C 63.63;
H 5.30.

3-(Triphenylarsonio)propanoate (9b) 0.9 mL of
1 mol/L alcoholic solution of NaOH was added to a
solution of 0.40 g (0.0009 mol) of compound 6 in
3 mL of acetonitrile. The formed NaBr precipitate was
filtered off, and the solvent was distilled off in
vacuum. The formed product was recrystallized from a
mixture of ethanol and diethyl ether. Yield 0.315 g
(91%), white powder, mp 129°C. Negative Beilstein
test. IR spectrum, v, cm ' 1155 s (C-0), 1390 m
(CO0"), 1620 s (COO), 3200 m (OH). 'H NMR
spectrum (D,0), o, ppm: 2.59 t (2H, AsCH,, J 7.0 Hz),
3.39 t (2H, CH,COOH, J 7.0 Hz) 7.50-7.68 m (15H,
Ph). C NMR spectrum (D,0), 8¢, ppm: 22.07
(AsCH,), 30.32 (CH,COOH), 122.24, 130.22, 132.60,
133.60 (Ph), 177.84 (COOH). Found, %: C 63.17; H
5.15. C3;H9AsO,-H,O. Calculated, %: C 63.63; H 5.30.

4-(Triphenylarsonio)butanoate (10a) was prepared
similarly from 0.40 g (0.0009 mol) of compound 2 and
0.9 mL of 1 mol/L alcoholic solution of NaOH. Yield
0.23 g (60%), white powder, mp 211°C. Negative
Beilstein test. IR spectrum, v, em ' 1160 s (C-0),
1380 m (COO"), 1605 s (COO"), 3200 m (OH). 'H
NMR spectrum (D,0), 6, ppm: 1.84 m (2H, AsCH,CH,),
2.55t (2H, AsCH2, J 7.0 Hz), 3.40 t (2H, CH2COOH,
J 7.0 Hz), 7.45-7.69 m (15H, Ph). >C NMR spectrum
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(D,0), dc, ppm: 17.28 (AsCH,CH,), 23.09 (AsCH,),
30.89 (CH,COOH), 121.54, 130.51, 132.65, 133.79
(Ph), 176.95 (COOH). Found, %: C 64.01; H 5.54.
C,,H,;As0,-H,O. Calculated, %: C 64.39; H 5.61.

4-(Triphenylarsonio)butanoate (10b) was prepared
similarly from 0.40 g (0.0008 mol) of compound 7 and
0.8 mL of 1 mol/L alcoholic solution of NaOH. Yield
0.225 g (65%), white powder, mp 209°C. Negative
Beilstein test. IR spectrum, v, cm': 1155 s (C-0),
1370 m (COO), 1600 s (COO"), 3200 m (OH). 'H
NMR spectrum (D,0), 6, ppm: 1.87 m (2H, AsCH,CH,),
2.54 t (2H, AsCH,, J 7.0 Hz), 3.39 t (2H, CH2COOH,
J 7.0 Hz), 7.50-7.70 m (15H, Ph). >C NMR spectrum
(Dy0), bc, ppm: 17.22 (AsCH,CH,), 23.05 (AsCH,),
30.82 (CH,COOH), 121.48, 130.45, 132.63, 133.76
(Ph), 177.01 (COOH). Found, %: C 63.87; H 5.28.
Cy,H,;AsO,H,0. Calculated, %: C 64.39; H 5.61.
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