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Abstract

Several aromatic homopropargyl alcohols, and derivatives were prepared by
one-pot reaction of 1,3-dilithiopropyne (or its equivalent) with aldehydes and
ketones. The antibacterial activity, of alcohols thus prepared, against Gram
(+) and Gram (-) bacteria was tested. This activity varies depending upon
substitution on the homopropargyl alcohol unit. Apparently, the benzene ring
and the free hydroxyl group (or its alcoxide) are needed, in the homopropar-
gyl alcohol unit, to be biologically active.
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1. Introduction

Homopropargyl alcohols are very useful synthetic intermediates in organic syn-
thesis [1] [2]. Numerous methods for their preparation have been developed,
using a wide variety of organometallic reagents. Most of them involve reaction of
monoanionic propargyl, 1, or allenyl, 2, organometallic reagents, with a carbonyl
compound. However, this methodology generally produces mixtures of both,
homopropargyl, 3, and allenic, 4, alcohols, which are difficult to separate
(Scheme 1). In most of these protocols, the regiochemistry of the product is
highly dependent upon factors such as steric hindrance, substitution of the rea-
gent or substrate, solvation and nature of the metal.

We have reported a highly regioselective method for the obtention of aromatic
homopropargyl alcohols, 3, from reaction of the operational equivalent of
1,3-dilithipropyne,5 (obtained from treatment of allene, 6, with n-BuLi), with

aromatic aldehydes or ketones (Scheme 2) [3]. We later envisioned a more
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Scheme 1. Formation of alcohols 3 and 4 from organometallics 1 and 2.
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Scheme 2. Preparation of dianion 5.

economical procedure for the preparation of 5, from the reaction of propargyl
bromide, 7, with n-Buli in the presence of TMEDA (Scheme 2) [4].

We recently reported [5] a new procedure to prepare dianion, 5, by sequential
treatment of 2,3-dichloropropene, 9, with magnesium and z-Buli in absence of
TMEDA (Scheme 3). The latter protocol enabled us to use the lithium acetylide
intermediate, 8, formed by reaction of dianion 5 with aromatic aldehydes and
ketones, to perform palladium-catalyzed cross-coupling reactions in one-pot
reaction to obtain substituted homopropargyl alcohols type 10 (Scheme 3).

In spite of the fact that homopropargyl alcohols have broad application in or-
ganic synthesis, no studies have been reported about its antibacterial activity.
The appearance and increase of drug resistance among pathogenic bacteria
represents a threat for human health [6]. Bacterial infections due to different
bacteria including Staphylococcus aureus, Pseudomonas aeruginosa, Salmonella
typhi and Escherichia coli have continued to be a major source of morbidity and
mortality not just in hospitals but also among communities [7].

The aim of this work is to report herein the preparation of several homopro-
pargyl alcohols, using procedures depicted in Scheme 2 [4] and Scheme 3 [5],
and the determination of its antibacterial activity against both Gram (+) and

Gram (-) bacteria.
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Scheme 3. One-pot synthesis of 4-substituted homopropargyl alcohols 10.

2. General Methods and Procedures
2.1. Materials

General Information. All glassware and syringes were dried in an oven over-
night at 140°C and flushed with nitrogen immediately prior to use. Transfers of
reagents were performed with syringes equipped with stainless-steel needles. All
reactions were carried out under a positive pressure of nitrogen. Nitrogen was
passed through a Drierite gas-drying unit prior to use. Diethyl ether and tetra-
hydrofuran were refluxed and freshly distilled from sodium and potas-
sium/benzophenone ketyl respectively, under nitrogen atmosphere. Hexane was
distilled from sodium and collected and kept over activated molecular sieves.
n-Butyllithium was titrated according to the method of Watson and Eastham
[8]. '"H-NMR and "*C-NMR spectra were recorded on a 400 MHz Bruker spec-
trometer. Low resolution mass spectra were obtained on a Agilent Technologies
7820A GC coupled to a mass spectrometer 5977E unit using electron impact at
70 eV. High resolution mass were measured on a Waters Synapt HMDS G1,
Q-TOF. Infrared spectra were recorded on a Perkin Elmer FT-IR Spectrum
1000.

Homopropargyl alcohols 11, 12, 13 and 18 were prepared from dichloropro-
pene, 9, according to Scheme 3 as in [5]. Derivatives 14 and 15 were prepared
from alcohol 12, by reaction with NaH and acetylation respectively. Compounds
16 and 17 were synthesized from propargyl bromide, 7, according to Scheme 2
as in [4], and adding NBS and dry ice to the intermediate 8, respectively.

2-phenyl-4-pentyn-2-yl acetate. (15) IR (film): v, 3292, 2119, 1754, 1495,
1447, 1375, 1369, 1228, 1126 cm™; '"H RMN (400 MHz, CDCL,): 8 7.49 (m, 2H,),
7.36 (m, 2H), 7.30 (m, 1H), 2.78 (dd, /= 2.6, 16.6 Hz, 1H), 2.71 (d, /= 2.6, 16.6
Hz, 1H), 2.19 (s, 3H), 2.06 (t, /= 2.6 Hz, 1H) 1.65 (s, 3H); MS (EI) m/z (relative
intensity) 39.1 (10), 43.1 (51), 77.1 (18), 105.1 (15), 121.1 (100), 142.1 (15), 163.1
(20), 202.2 (1).

5-bromo-2-phenyl4-pentyn-2-ol (16) IR (film): v, 3411, 2119, 1495,
1446, 1375, 1101 cm™'; '"H RMN (400 MHz, CDCL): § 7.49 (m, 2H), 7.36 (m,
2H), 7.30 (m, 1H), 2.78 (d, /= 16.6 Hz, 1H), 2.71 (d, /= 16.6 Hz, 1H), 1.65 (s,
3H); MS (EI) m/z (relative intensity) 43.1 (83), 77.1 (20), 105.1 (13), 116 (2),
121.1 (100), 222.1 (1).

5-hydroxy-5-phenyl-2 -hexynoic acid. (17) IR (film): v, 3400 - 2600, 2239,
1692, 1495, 1446, 1377, 1070 cm™'; 'H RMN (400 MHz, CDCl,): § 12.25 (s, 1H),
7.49 (m, 2H), 7.36 (m, 2H), 7.30 (m, 1H), 2.92 (d, /= 17.4 Hz, 1H), 2.85 (d, /=
17.4 Hz, 1H), 1.65 (s, 3H).

(Z)-7-chloro-2-phenyl-6-en-4-heptyn-2-ol (18). (0.104 g, 62%); IR (KBr):
Vinas 3401, 2214, 1601, 1494, 1446, 1098 cm™'; "H NMR (400 MHz, CDCL,): § 7.51
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(m, 2H), 7.36 (m, 2H), 7.27 (m, 1H), 6.34 (d, 1H, /= 7.4 Hz), 5.83 (dt, 1H, /=
2.2, 7.4 Hz), 2.95 (dd, 1H, J= 2.2, 16.9 Hz), 2.89 (dd, 1H, /= 2.2, 16.9 Hz), 2.50
(s, 1H), 1.69 (s, 3H); "C NMR (100 MHz, CDCL,): § 146.5, 128.4, 128.3, 127.2,
124.9, 112.1, 94.8, 78.1, 73.6, 36.1, 29.4; MS (EI) m/z (rel. intensity) 43.1 (76),
77.1 (15), 99.0 (4), 105.1 (8), 121.1 (100), 183.2 (M* - HCI, 10) HRMS (ESI, V*):
m/z [M" - HCI]* calc. for C,;H,;0 185.0966, found 185.0968.

2.2. Antibacterial Activity

Microorganisms tested. Cultures of Leuconostoc mesenteroides (ATCC
8293-2), Lactobacillus plantarum (ATCC 14917), Staphylococcus aureus (ATCC
25922), Listeria monocytogenes (ATCC 19116) Escherichia coli (ATCC 25923)
Pseudomonas aeruginosa (ATCC 15442) and Salmonella enteritidis (ATCC
13076) were used.

Suspension preparation. Each microorganism was inoculated into trypticase
soy broth (TSB) + yeast (Oxo0id®) and cultured at 37x until the desired concen-
tration was reached. The suspension of bacteria to be cultured was equivalent to
0.5 McFarland standard, (1.5 x 10® CFU/ml).

Bactericidal assays. All tests were performed by duplicate. The microorgan-
ism to be tested was uniformly spread with sterile cotton swab over MRS agar
for L. plantarum and L mesenteroides and overtrypticase soy agar plate for the
other bacteria. All agar plates were prepared using 20 ml of agar and allowed to
solidify uniformly. 7 mm diameter holes were cut in the agar gel, 20 mm apart
from each one.100 ul of inoculum suspension was swabbed uniformly in the
corresponding agar plates.

Five serial dilutions of synthetic products, at concentrations of 100, 50, 25,
12.5 and 6 mg/mL were prepared. 50 uL of each dilution were added to holes.
Test systems were incubated for 24 h at 35°C under aerobic conditions except
for L. plantarum and L. mesenteroides that were cultured under capnophilic
conditions. The MIC was defined as the lowest concentration of the sample that

prevented visible growth.

3. Results and Discussion

In order to compare their biological activity, we decided to prepare a series of
homopropargyl alcohols unsubstituted in the acetylenic position (11, 12, 13),
some salts and acetylated derivatives (14 and 15) and some 4-substituted acety-
lenic alcohols (16, 17, 18).

The minimal inhibitory concentration (MIC) of the different homopropargyl
alcohols prepared is shown in Table 1. All structures presented some inhibitory
activity against the microorganisms tested, nevertheless, products 14 and 17
presented activity against all of them, including Pseudomonas sp, one of the
most resistant microorganisms described. Both have MICs that range from 25 to
50 mg/mL. Compounds 14 and 17 are derived from alcohol 12. Activity of so-
dium salt 14 was enhanced when compared with parent compound 12, perhaps

because a greater solubility. When compound 12 was brominated in the acety-
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Table 1. Antibacterial Activity of some Aromatic Homopropargyl Alcohols against Gram
(+) and Gram (—) Bacteria.

OH OH OH ONa OAc
Pz

z > z Z P
Ph Ph Ph Ph Ph
1 12 Ph 13 14 15
o
OH Br OH OH OH
= OH s =
Z Z4 Z4
Ph Ph Ph cl v
16 17 18 19
Compound Minimum Inhibitory Concentration (MIC)* (mg/mL)
Entry Microorganism 11 12 13 14 15 16 17 18 19
1 Lactobacillus plantarum 50 (=) 100 25 (=) 12 25 20 -

(=)
Listeria monocytogenes 25 50 100 25 (=) 25 50 20 (-)
Leuconostoc mesenteroides (=) 50 25 25 (=) 50 25 20 (-)
Staphylococcus aureus 25 25 50 50 (-) 12 50 20 (-)
Escherichia coli 50 50 50 25 (=) 25 50 (=) (=)
Salmonella spp (=) 50 (-) 25 (=) 25 50 (=) (-)
Pseudomonas spp (=) 100 100 50 (=) (=) 50 20 (-)

N o W

*MIC was defined as the lowest concentration of the sample that prevented visible growth. For MIC deter-
mination, control strains included Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853
and Staphylococcus aureus ATCC 49619.

lenic position to obtain derivative 16, the biological activity was enhanced, ex-
cept in the case of Pseudomonas spp. In the case of Staphylococcus aureus activ-
ity of derivative 16 was twice as active as 12. Interestingly, when the hydroxyl
group of alcohol 12, was acetylated (15), the activity against all the microorgan-
isms was lost. In chloroenynel8, activity against Gram (+) bacteria was en-
hanced when compared to parent compound 12.

When activity of 3-butyn-1-ol, 19, was tested, it was negative against all mi-
croorganisms, showing that the presence of the aromatic ring in the homopro-

pargyl alcohol unit is needed in order to have some biological activity.

4. Conclusions

In summary, several aromatic homopropargyl alcohols were prepared, by
one-pot reaction of dianion, 5, with aromatic aldehydes and ketones. The anti-
bacterial activity of the compounds thus prepared, against Gram (+) and Gram
(=) bacteria was tested. This antibacterial activity varies depending upon substitu-
tion on the homopropargyl alcohol unit. Apparently, the benzene ring and the free
hydroxyl group (or its alcoxide) are needed in the homopropargyl alcohol unit to
be biologically active, as it may be concluded by comparison of activity of com-
pounds 11, 12, 13, 14, 15 and 19. It is not clear what induces the difference in an-
tibacterial activity between compounds 11, 12, 13 because there is no clear trend
in activity between them, neither for Gram (+) nor for Gram (—) microorganisms.
The development of novel, non-toxic-food compatible chemical products could
help to reduce the presence of pathogens and spoilage microorganisms from food
industry environments, including surfaces, equipment and even worker hands.

Further research has to be done to test toxicity of compounds in Table 1.
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